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PREFACE TO THE SECOND EDITION 


In the preparation of the Second Edition of this volume, one of the six in the 
Structural Engineers’ Handbook Library, it has been the aim of the undersigned 
to continue providing both the practicing engineer and the student with a refer- 
ence work which covers thoroughly the modern civil engineering structures. 

It has been the objective to introduce wherever necessary revised material 
which embodies the most recent design or construction procedure. For instance, 
the plate girder highway bridge in Section 3 has been completely redesigned to 
be in conformance with the 1941 A.A.S.H.O. Standard Specifications for Highway 
Bridges. Much new material on the design of timber highway bridges has also 
been added. Latest A.S.T.M. Specifications pertaining to several basic products 
or materials have been substituted.for other specifications which have long since 
been revised. 

Credit has been given in the body of this volume for data, details, or photo- 
graphs used for purposes of supplementing the technical material. Mention 
should be made here of the fact that the following Associate Editors participated 
in the preparation of the First Edition: O. A. Bailey, W. C. Buetow, C. W. Chase, 
Chas. D. Conklin, Jr., F. W. Dean, F. W. Dencer, Henry D. Dewell, Phil A. 
Franklin, T. W. Golding, James H. Herron, C. J. Kennedy, H. E. Pulver, and 
Hermann von Schrenk. 

R. R. Zrppropt. 


BerHespA, MARYLAND, 
July, 1942. 


PREFACE TO THE FIRST EDITION 


This volume is one of a series designed to provide the engineer and the 
student with a reference work covering thoroughly the design and construction 
of the principal kinds and types of modern civil engineering structures. An 
effort has been made to give such a complete treatment of the elementary theory 
that the books may also be used for home study. 

The titles of the six volumes comprising this series are as follows: 

Foundations, Abutments and Footings 
Structural Members and Connections 
Stresses in Framed Structures 

Steel and Timber Structures 

Reinforced Concrete and Masonry Structures 
Movable and Long-span Steel Bridges 

Each volume is a unit in itself, as references are not made from one volume 
to another by section and article numbers. This arrangement allows the use of 
any one of the volumes as a text in schools and colleges without the use of any of 
the other volumes. 

Data and details have been collected from many sources and credit is given 
in the body of the books for all material so obtained. A few chapters, however, 
throughout the six volumes have been taken without special mention, and with 
but few changes, from Hool and Johnson’s Handbook of Building Construction. 

The Editors-in-chief wish to express their appreciation of the spirit of coopera- 
tion shown by the associate editors. This spirit gf cooperation has made the 
task of the Editors-in-chief one of pleasure and satisfaction. 

Lt ope ea 2 6 
Wee: & 
Mapison, WIs., 
December, 1923. 
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STEEL AND TIMBER 
STRUCTURES 


SECTION 1 
BUILDINGS 


STEEL OFFICE BUILDINGS 


In this chapter the design and details of steel office buildings are discussed 
particularly with reference to the types of construction employed in present day 
practice. The information given is largely descriptive, embracing the sub- 
jects of loadings, unit stresses, foundations, retaining walls, floors and floor 
construction, columns, party walls, wind bracing, spandrels, lintels, cornices, 
roofs, baleony trusses, skylight construction, towers and interior steel stacks. 

1. Classification of Buildings.—A building in a broad sense may be considered 
as a structure covered with a roof. 

For purposes of classification, all buildings may be subdivided into three 
groups: (1) Office buildings, (2) mill buildings, and (3) miscellaneous buildings. 
Office buildings have several stories and may be in combination with audi- 
toriums, lobbies, balconies, etc. Mill buildings are in general one story struc- 
tures devoted to industrial purposes, consisting of one or more aisles, with crane 
runways, lean-tos, etc. Miscellaneous buildings comprise all buildings not 
included in the other two classes. 

Office buildings as treated in this chapter include apartments, fixed seat audi- 
toriums, movable seat auditoriums, churches, dance halls, drill halls, garages, 
theaters, hotels, factory buildings, store houses, retail stores, warehouses, office 
buildings and schools. Occasionally a combination of two of these classes is 
included under one roof. For example, a theater and offices may be in one 
building. 

The building codes of various cities designate all buildings by classes for 
purposes of restrictions as to height, size of walls, permissible loadings, fire 
protection, etc. These classes vary in each city and no attempt will be made to 
follow any one classification. It is unfortunate that a uniform code is not in 
vogue for all cities. A standard code would be more intelligible and a big 
economic advantage to architects, engineers, material men and contractors. 

2. Legal Heights.—The restrictions for the heights of office buildings as given 
in Table 1 were taken from the building codes of a number of large cities. The 
figures given will serve as a means for comparison only. The designer should 
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refer to the codes, in any specific case, for the conditions under which the codes 
apply. No attempt has been made to give all the figures in the table as the 
heights vary for the different classes of buildings. 


TasBLp 1.—Lecat Heiauts ror Orrick BuILpINGs IN VARIOUS CITIES 


Heights in feet 


Semifireproof Fireproof 
buildings buildings 
OtnICA ON GOSS) =o dec eectyarns, yack veined tease arma nO eee ea 264 
Pan lO 2) es werk eile 2 Sadak os, eee 75 No limit 
ern Gras) an:i2 se cats Ace et ae 65 No restrictions 
HW SEROM LOLS 0c « e.21<.b/e ies one ele ta areas 60 No limit 
Menap ism O30) ise sea cee oes oe 70 150 or 214 times 
the street width 
Milwaukee (1984)...........0...6- 85 
New York (1941)... 3.c.5.. Sess oe 100 ft. and not more No limit 
than 9 stories 
Philadelphia. (1939)... oc 5 case ae 85 
Ponglam da VOLO) vacen tcc shies cunt cet 85 No limit 
SalteWake City (L940) 0. 2. ks oe oes 85 No limit 
Pan wrancisco: (LO4 ieee eee 84 No limit 
Washington 1941); oeas ae sv eee oe - lee Sh ee Width of street 


plus 20 ft. 0 in. 


3. Design.—Many problems confront the engineer. Each in turn must be 
solved from the standpoint of economy based on good engineering judgment. 
Many considerations—such as keeping the cost within the appropriation, early 
deliveries of materials, simplicity of fabrication, strength of the structure, con- 
formity’to the building code and easy erection of the steel—must be used as the 
basis of his judgment. 

The architects having submitted their design, the engineer must design his 
steel to meet their requirements, though this may at times involve complexity 
of details which are not desirable as far as the steel is concerned. 

The engineer must decide upon the type of foundations and be governed by 
existing practice and greatest durability. He wisely will design the foundation 
for the greatest strength and least settlement without regard to the cost, prefer- 
ring to practice economy on less important details in the superstructure. 

Opinions will vary among engineers regarding the use of steel or reinforced 
concrete for the framework of the building. For equal strength, the construc- 
tion with the minimum cost will govern. For certain classes of structures, rein- 
forced concrete will be cheapest and most satisfactory, for others, the use of 
steel is best. For example, structures of low heights and requiring little wind 
bracing may to advantage be made of reinforced concrete; whereas, tall buildings, 
those requiring rigidity, slenderness of columns, etc., are logically made of steel. 
A combination of the two materials is often advisable. For retaining walls, 
heavy floor construction, ete., concrete as a covering for steel gives fire protec- 
tion and in a great many ways adapts itself for the purpose intended. 
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Concrete or reinforced concrete is probably our most useful building material, 
being ideal for so many varied uses, but it should not invade the field so well 
served by steel. As steel and reinforced concrete have been used for a number of 
years, weak constructions of these materials are becoming better known each 
year. The result is that our designs are showing greater improvement and 
steel and reinforced concrete are being used for the purposes for which they are 
best adapted. 

Rigidity in a design is of next importance to the foundations. Therefore, 
the wind and wind-resisting stresses should be carefully computed. The over- 
turning and resisting moments should be calculated for conditions during 
erection as well as for the finished building. 

The columns and frame work should be designed to fully conform to the 
building code for loads, dead weight, wind stresses and unit stresses. No reduc- 
tions whatever should be permitted below those calculated. 

It is false economy to hold the thicknesses of the plates and sections to a 
minimum, impairing the strength of the structure. It is true economy to design 
liberally the sections of columns, beams, connection plates and angles, but 
avoid details which add to the cost of the terra cotta manufacturer, the stone 
cutter, steel fabricator and erector. Also the steel should be designed to secure 
as much duplication of individual pieces of steel as possible; where so designed 
it will be found that there is greater duplication of terra cotta, stone, window 
frames, etc. The larger duplication will enhance the delivery of materials to the 
building site and greatly expedite the erection of the steel, stone and terra cotta. 

The delivery of steel from the rolling mills is generally very important as most 
buildings must be erected within a specified time because of leaseholds and 
outstanding capital invested in the building. To secure the quickest deliveries 
from the mills, the designer should avoid using small quantities of special sizes 
of angles and shapes—in other words, there should be as few sizes of angles and 
shapes as possible consistent with good design. A little weight will be added 
to do this but the final results of quicker deliveries, cheaper fabrication and 
erection will justify the extra steel. It should be remembered that the cost of 
steel averages about one-fifteenth of the total cost of the completed average 
steel building. An increase of 2 per cent to the weight of the steel amounts to 
less than 249 of 1 per cent of the cost of the building. 

The design drawings should be made to a scale sufficiently large to clearly and 
accurately show all framing plans, elevations, sections and details. The design 
should be complete in showing the location of all members in plan and elevation. 
A well drawn design saves a great deal of time in ordering the various materials, 
avoids errors and in general expedites the work. It is economy for all the trades 
to work from a good set of design plans. 

4, Minimum Floor Loads.—The minimum floor loads permissible in pounds 
per square foot for a number of cities are given in Table 2, The various classifi- 
cations will apply to all structures which are defined as office buildings in 
Art. 1. 

5. Unit Stresses.—The unit stresses allowed on steel for a number of cities 
are given in Table 3. These figures are given for comparison only. The designer 
is referred in any specific case to the building codes for the conditions under which 
the unit stresses apply. 
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6. Foundations. 
6a. Bearing Capacity of Soils.—The allowable bearing capacity of 


soils in various building codes is given in Table 4. 


TABLE 4.—ALLOWABLE BrEarinG Capacity or Sorts In Various Curries 


(Thousands of Pounds per Square Foot) 
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6b. Caissons.—There are different kinds of foundations used, 
depending upon the nature of the soil, magnitude of the loads on the columns, 
proximity to other foundations and the requirements of the building ordinances 
used in the design. 

The most effective foundation is the kind whereby the column load is carried 
down to a concrete caisson directly to the bed rock or hard pan. The column 
loads are distributed to the caisson by means of a grillage, as in Fig. 1, or by a 
casting, as in Fig. 2. Occasionally the tops of the caissons are reinforced with 


Fock or 
“ hard pon 


Fig. 1.—Caisson with grillage. Fie. 2.—Caisson with casting. 
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hoops or rods. The size of the caissons will vary with the loads transmitted to 
them, possibly from 3 to 12 ft. in diameter. The holes for the piers are excavated 
by the open well process. Matched timbers with dimensions of about 3 X 6 in. 
and lengths of 4 or 6 ft. are placed around the well vertically and braced by circu- 
lar steel bands set inside of the uprights. The timbers shore up the earth work 
but are removed one section at a time as the placing of the concrete progresses. 
The concreting is carried on continuously for the entire height and the top levelled 
for the grillage and castings. If it is desired to secure a larger bearing area on 
the rock or hard pan, it is easily done by undercutting the excavation at the base 
of the pier. 

In constructing caissons of the Chicago Temple Building at Washington and 
Clark Streets, Chicago, the excavations were carried down to a level about 
110 ft. below street level before rock was reached. Drillings 8 ft. deep were made 
in the rock before the engineers were satisfied that the rock was bed rock, capable 
of carrying the heavy loads of a 20-story building. 

6c. Pile Foundations.—When the hard pan or bed rock is too far 
below the grade or if borings do not reveal any rock or hard pan, the caisson 
foundation cannot be used and other methods of foundation must be resorted to 
for the support of the column loads. Three other kinds of foundations are possi- 
ble, depending upon the nature of the soil and the loads to be sustained: (1) 
Concrete piers supported on piles, (2) layers of timber spread to distribute the 
pressure, and (3) concrete piers resting directly on the soil. Figure 3 shows a 
concrete pier carried by piles which are designed of sufficient number and length 
to safely support the column load. 

6d. Floating Foundations.—F loating foundations consist of layers of 
timbers which are spaced and spread to secure the required bearing pressure on 
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the soil. The bearing areas on the soil for the different columns are carefully 
proportioned to provide equal settlement throughout the entire structure (see 
Fig. 4). 

6c. Footings.—A footing for carrying light loads is shown in Fig. 5. 
The concrete is either reinforced or plain depending upon the magnitude of the 
load and the size of the bearing required. 
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Fia. 3 eae pier Fia. 4.—Floating foundation. Fre. 5—Column footing. 
resting on piles. 


6f. Party Piers.—Sometimes the piers for the columns on the prop- 
erty lines are located with their centers on the lot line and carry the columns 
for the party wall of the two adjoining buildings or they may serve as piers for 
two walls placed side by side. In the latter case, the grillage and cast bases are 
independent for each structure. 


(pamo oe gog0] 
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Fig. 6.—Cantilever construction. Fie. a ee Fie. 8.— Built-up 
beams, column base. 


6g. Cantilever Foundations.—Frequently the piers at the property 
line must be placed entirely within the lot line and cantilever supports used for 
the columns. A cantilever girder is placed on two piers and the column to be 
supported rests on the end of the cantilever girder. When the column load is 
large, the design of the girder is quite a problem. Sufficient bearing area must 
be provided for the direct load and the girder carefully designed for bending and 
shear (see Fig. 6). 

6h. Grillage Beams.—Grillage beams are used to distribute the bear- 
ing from the columns to the piers. I-beams are generally used but for very large 
column loads, built-up girders are necessary. 
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Sometimes stiffeners are fitted between the flanges of the I-beams to secure 
greater bearing area but due to the uncertainty of not getting a good contact 
between the bevelled ends and the flanges, it is preferable to use webs of greater 
thickness. A typical design for grillage beams is shown in Fig. 7. The illustra- 
tion shows the beams cut to conform to the circular shape of the pier; they are 
also designed square in plan. 

67. Slabs.—The use of slabs instead of cast bases or built-up bases 
on columns offers a simple solution for distributing loads to the cantilever girders 
or grillage. A design of a slab is shown in Fig. 1, p. 7, and is more simple and 


Fig. 9.—Cast-iron column bases. - Fie. 10.—Cast-iron column bases. 


economical than the built-up base illustrated in Fig. 8. The variety of slabs 
should be limited to facilitate rolling, fabrication and erection. 

6j. Cast-iron Bases.—Cast-iron bases of standard types only should 
be used and with as few variations in size as possible. Generally it is not neces- 
sary to use more than three, four or five sizes on any one structure. Well-designed 
bases which have been extensively used are shown in Figs. 9 and 10, the former 
being square and the latter circular in plan. 

The dimensions for these bases will vary as follows: 


(All in Feet and Inches) 


A H Ww | B | H | Ww | Cc H Ww 
2-0 9 1-6 3-0 1-3 1-9 5-0 2-3 2-5 
2-3 9 1-6 3-3 1-3 1-9 5-3 2-3 2-5 
2-6 9 1-8 3-6 1-3 2-1 5-6 2-3 2-5 
2-9 1-3 1-8 3-9 1-3 2-1 5-9 2-9 2-5 
4-0 1-9 2-1 6-0 2-9 2-5 
4-3 1-9 2-3 
4-6 1-9 2-3 
4-9 1-9 2-3 


7. Retaining Walls. 

Ta. Different Types.—Retaining walls are required when the build- 
ing contains area ways or one or more basements. The common method of 
constructing retaining walls is to set I-beams, sheet piling shapes or special sec- 
tions in a vertical position and encase in concrete. The design of a retaining 
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wall reinforced with I-beams is shown in Fig. 11. When this kind of retaining 
wall is used, it is necessary to bolt or rivet the connections. 

Another type of retaining wall consists of steel sheet piling in combination 
with I-beams. This type is used for high retaining walls. Such construction 
is well adapted for designs where basements and sub-basements are required. 
The steel construction is encased in concrete (see Fig. 12). 


Fic. 11.—I-beam retaining Fic. 12.—Steel sheet piling 
wall. retaining wall. 


10° 


Fria. 13.—Carnegie steel sheet piling (Carnegie-Illinois Steel Corp.). 


. Joa 


A pyri cles, We: BE = Fig. 15.—Stand- Fia. 16.—Stand- 
Standard fabri- ard fabricated Tee ard fabricated Cross 
eo Y steel sheet steel sheet piling. steel sheet piling. 
piling. 


Different steel shapes have been designed for retaining walls and cofferdam 
work. They are erected without any riveting or bolting and have the advantage 
that they can be driven before excavating has begun, thus preventing the caving 
in of the soil, 
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Figure 13 illustrates the Carnegie-Illinois Steel Corp. piling made up of a 
specially rolled shape with one ball flange to lock the shapes together. Similar 
piling is made by Bethlehem Steel Corp., Weirton Steel Co., and Inland Steel Co. 
Figures 14, 15, and 16 show a standard fabricated “Y,”’ Tee, and Cross, steel 
sheet piling, respectively. 

_ 7b. Sub-basement Construction.—It is quite common in designing 
large buildings to provide for one, two, three or more basements. Additional 
space is thus provided for additional salesrooms in department stores, storage 
space, boiler rooms, bank vaults, restaurants, ete. The use of basements and 
sub-basements largely increases the floor space in the buildings as the heights of 
the structures are fixed by city ordinances. 

High retaining walls are constructed for the basements and sub-basements. 
They may be built of reinforced concrete or a combination of structural shapes 
and concrete. The latter method is usually employed. 
The retaining walls are designed as vertical slabs 
supported at the floor levels. The pressure of the 
soil is carried across the floors and is balanced by the 
pressure from the opposite side. The stresses are 
carried across the building through the heavy con- 
crete floor construction or by steel struts placed 
between the columns. 

These struts require special details at the columns 
in order that the thrust may be properly transmitted 
and adjustment made to fit the retaining walls. The 
thrust is taken care of by providing sufficient bearing 
area on the columns and ends of the struts. Adjust- 
ment is secured by the use of shims between the milled 
ends of the struts and the bearing areas on the ; 

Fia. 17.—Typical con, 
columns. nections for basement 

Two types of retaining walls for sub-basement con- _ struts to columns. 
struction are shown in Figs. 11 and 12. The thrust 
bearings at the columns are illustrated in Fig. 17. 

In the construction of the wall shown in Fig. 11, the excavation for the wall 
is made first. The temporary lagging to retain the earth is placed as the excavat- 
ing proceeds. The beams are then placed in one or more lengths and are not 
finally braced until the basement floors are constructed. The beams are finally 
encased in concrete which acts as diaphragms between the beams, the steel beams 
taking the entire bending. 

In the construction of the wall shown in Fig. 12, the sheet piling and the 
connected beams are driven first. The sheet piling retains the earth and requires 
no temporary lagging. During the driving, the piling will move considerably 
fom its original position so that measurements for the length of the struts must 
be taken after the piling is driven. 

The wall illustrated in Fig. 11 is preferable in many ways as accurate align- 
ment may be obtained without resorting to the final field measurements with 
its consequent delays. The wall shown in Fig. 12 will drive very irregularly 
and requires the liberal use of shims in order that the various members may take 
their proper share of the loading. 


adjustment | 
7 Lib 
' 
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In the construction of the various basements, the retaining walls are erected 
first. If sheet piling is used for the retaining walls, the sheet piling is driven 
before the basements are excavated. After the piers are poured and the lower 
tiers of columns set, sufficient material is excavated to erect the first floor framing. 
After the first floor is riveted to the columns and retaining walls, the excavating 
proceeds to the next lower floor. The framing for this lower floor is then erected 
and the retaining wall braced to this depth. This process is continued until the 
final basement floor is completed. The construction of the basements and sub- 
basements is carried on simultaneously with the erection of the upper stories of 
the building. 

In Chicago there is a subway tunnel under the principal streets of the down- 
town district at an elevation about 50 ft. below street level. During the construc- 
tion of many of the large buildings located on streets having the tunnel, the 
excavated material for the piers and basements and refuse is removed through 
the tunnel. An outlet to the tunnel is made in the third basement under the 
first floor. 

8. Floors and Floor Construction. 

8a. Floor Construction Requirements.—Before reaching a decision 
in regard to the type of floor to be used, several kinds should be investigated to 
secure sufficient strength, stiffness, durability, fireproofness desired, light weight, 
shallow depth and minimum cost. It is important in the construction of modern 
buildings that the dead weight and the depth of floor be reduced to a minimum 
consistent with good construction and cost. There are several types available 
to the designer and undoubtedly one of them will be best for the conditions. 

The partitions of office buildings are often re-arranged to suit different tenants 
and the floor, therefore, should be designed to carry a partition in any position. 
This requirement can be taken care of by adding from 10 to 25 lb. per sq. ft. to 
the dead load of the floor. 

The type of floor, too, is often influenced by the spacing of the columns, inas- 
much as the long span lengths between columns may require special framing and 
arrangement of the beams. If flat ceilings are wanted, as is usually the case, the 
framing must be designed to avoid having any beams projecting below the ceiling 
level. The deeper beams are generally avoided by using double beams held 
together with separators. 

8b. Standard vs. Wide-flange Shapes.—For framing the floor con- 
struction, standard-shaped beams and wide-flange beams are available. The 
sizes, weights and properties are given in handbooks published by the rolling 
mills; but for means of comparison, the sizes and weights of the standard and wide- 
flange beams are given herewith. 

The standard I-beam and channel sections have the following depths and 
weights: 


ry 


Beams. 
24 in.—120.0, 115.0, 110.0, 105.9, 100.0, 95.0, 90.0, 85.0, 79.9 lb. per ft. 
20 in.—100.0, 95.0, 90.0, 85.0, 81.4, 75.0, 70.0, 65.4 lb. per ft. 
18 in.—70.0, 65.0, 60.0, 54.7 lb. per ft. 
15 in.—75.0, 70.0, 65.0, 60.8, 55.0, 50.0, 45.0, 42.9 lb. per ft. 
12 in.—55.0, 50.0, 45.0, 40.8, 35.0, 31.8 lb. per ft. 
10 in.—40.0, 35.0, 30.0, 25.4 lb. per ft. 
8 in.—25.5., 23.0, 20.5, 18.4 lb. per ft. 
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7 in.—20.0, 17.5, 15.3 lb. per ft. 

6 in.—17.25, 14.75, 12.5 lb. per ft. 
5 in.— 14.75, 12.25, 10.0 lb. per ft. 
4 in.—10.5, 9.5, 8.5, 7.7 lb. per ft. 
3 in.—7.5, 6.5, 5.7 lb. per ft. 


Mill Beams. 

15 in.— 36.0, 33.0 lb. per ft. 

14 in.— 34.0, 30.0 lb. per ft. 

12 in.— 28.0, 25.0 lb. per ft. 

10 in.— 23.0, 21.0 lb. per ft. 
8 in.—21.0, 19.0, 17.0 lb. per ft. 
7 in.—12.0 lb. per ft. 
6 in.—10.0 lb. per ft. 


Channels. 
18 in.—58.0, 51.9, 45.8, 42.7 lb. per ft. 
15 in.—55.0, 50.0, 45.0, 40.0, 35.0, 33.9 lb. per ft. 
12 in.—40.0, 35.0, 30.0, 25.0, 20.7 lb. per ft. 
10 in.— 35.0, 30.0, 25.0, 20.0, 15.3 lb. per ft. 
9 in.— 25.0, 20.0, 15.0, 13.4 lb. per ft. 
8 in.— 21.25, 18.75, 16.25, 13.75, 11.5 lb. per ft. 
7 in.—19.75, 17.25, 14.75, 12.25, 9.8 lb. per ft. 
6 in.—15.5, 13.0, 10.5, 8.2 lb. per ft. 
5 in.—11.5, 9.0, 6.7 lb. per ft. 
4 in.—7.25, 6.25, 5.4 lb. per ft. 
3 in.—6.0, 5.0, 4.1 lb. per ft. 


The wide-flange beams have the following depths and weights: 


36 in.—300.0, 280.0, 260.0, 250.0, 240.0, 230.0, 194.0, 182.0, 170.0, 160.0, 150.0 lb. 
per ft. 
33 in.—240.0, 220.0, 210.0, 200.0, 152.0, 141.0, 132.0, 125.0 lb. per ft. 
30 in.—210.0, 200.0, 190.0, 180.0, 172.0, 132.0, 124.0, 116.0, 108.0 lb. per ft. 
27 in.—177.0, 163.0, 154.0, 145.0, 114.0, 106.0, 98.0, 91.0 Ib. per ft. 
24.25 in.—160.0, 150.0, 140.0, 130.0 lb. per ft. 
24 in.—120.0, 110.0, 100.0, 94.0, 87.0, 80.0, 74.0 lb. per ft. 
21 in.— 142.0, 132.0, 122.0, 112.0, 103.0, 96.0, 89.0, 82.0, 73.0, 68.0, 63.0, 59.0 
lb. per ft. 
18.16 in.—124.0, 114.0, 105.0, 96.0 lb. per ft. 
18 in.—85.0, 77.0, 70.0, 64.0, 55.0, 50.0, 47.0 lb. per ft. 
16.16 in.—114.0, 105.0, 96.0, 88.0 lb. per ft. 
16 in.—78.0, 71.0, 64.0, 58.0, 50.0, 45.0, 40.0, 36.0 lb. per ft. 
14.75 in.— 426.0, 412.0, 398.0, 384.0, 370.0, 356.0, 342.0, 328.0, 314.0, 300.0, 287.0, 
273.0, 264.0, 255.0, 246.0, 237.0, 228.0, 219.0,°211.0, 202.0, 193.0, 184.0, 
176.0, 167.0, 158.0, 150.0, 142.0 lb. per ft. 
14 in.— 136.0, 127.0, 119.0, 111.0, 103.0, 95.0, 87.0, 42.0, 38.0, 34.0, 30.0 lb. per ft, 
14.06 in.—84.0, 78.0 lb. per ft. 
13.91 in.—74.0, 68.0, 61.0 lb. per ft. 
13.68 in.—58.0, 53.0, 48.0, 43.0 lb. per ft. 
12.12 in.—190.0, 176.0, 161.0, 147.0, 133.0, 120.0, 106.0, 99.0, 92.0, 85.0, 79.0, 72.0, 
65.0 lb. per ft. 
12.06 in.—64.0, 58.0, 53.0 lb. per ft. 
11.94 in.—50.0, 45.0, 40.0 lb. per ft. 
12 in.— 36.0, 32.0, 28.0, 25.0 lb. per ft. 
10 in.— 136.0, 124.0, 112.0, 100.0, 89.0, 77.0, 72.0, 66.0, 60.0, 54.0, 49.0, 45.0, 41.0, 
37.0, 33.0, 29.0, 26.0, 23.0, 21.0 lb. per ft. 
8 in—67.0, 58.0, 48.0, 40.0, 35.0, 33.0, 31.0, 21.0, 19.0, 17.0 lb. per ft. 
7.93 in.—27.0, 24.0 lb. per ft. 
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Light Beams. 
12 in.— 22.0, 19.0, 16.5 lb. per ft. 
10 in.—19.0, 17.0, 15.0 lb. per ft. 
8 in.—15.0, 13.0 lb. per ft. 
6 in.—16.0, 12.0 lb. per ft. 


The choice between the standard and wide-flange shapes will depend upon a 
comparison of cost and deliveries for each specific structure. Often the decision 
will be made in favor of the one offering quicker deliveries regardless of a reason- 
able difference in cost. 

The cost per pound of the fabricated material is governed by the cost of the 
raw material, freight from the rolling mill to the fabricating plant, cost of shop 
work, and freight from the fabricating plant to the building site. The wide-flange 
shapes have less weight than the standard shapes for the same strength, and they 
require less handling, punching and riveting than the equivalent built-up standard 


Fia. 18.—Flat tile arch. 


shapes, but, on the other hand, these shapes require drilling through heavy webs 
and flanges. All of the material in the standard shapes and built-up girders 
is punched. The comparison given will apply also to wide-flange columns and 
standard built-up columns. 


Fria. 19.—Segmental terra cotta arch. 


8c. Types of Floors.—Common types of floors will be illustrated 
without any attempt to recommend any particular kind. Any one of these types 
may be best suited for the conditions of the design. 

The flat tile arch floor is of light weight and easy to place. Terra cotta tile 
arch sections are cemented together between the beams. Wooden supports are 
suspended from the top of the beam to hold up the tile until the key arch tiles are 
placed and the cement has set. The steel I-beams are entirely covered to fire- 
proof them. On top of the tile arches, a layer of concrete is placed in which 
furring strips are imbedded for attaching the finished floor. The thrust of the 
tile arches is carried by tie rods through the webs of the beams and Be ee: about 
6 or 7 ft. apart (see Fig. 18). 


Another kind of floor construction using terra cotta as the basic material is 
the segmental terra cotta arch shown in Fig. 19. This type of floor construction 
has less weight than the flat arch type but is limited to such floors as do not require 
flat ceilings. 


Sec. 1-8c] BUILDINGS 15 


Floors of the type shown in Fig. 20 are used to considerable extent. In this 
type of floor the steel is entirely encased in concrete for fireproofing. Forms for 
pouring the concrete are required. When a flat ceiling is necessary, wire lath is 
suspended from the I-beams on which the ceiling plaster is applied. 


Fic. 20.—Reinforced concrete slab. 


A modification of the above type of floor employs cast concrete joists between 
the steel joists, as shown in Fig. 21. 

Various methods have been devised to construct the floors without the use of 
forms. Figure 22 shows one of these types in which wire mesh or expanded metal 


Fig. 21.—Concrete joist type. 

takes the place of the forms and also serves as reinforcement for the concrete. 
Another method for self-centering which is not used to any extent at the present 
time is shown in Fig. 23 where corrugated steel shapes are used in the form of 


anarch. This type has the objections that the corrugated steel corrodes quickly 
and the bottom flanges of the supporting I-beams are not covered. 


Various forms of self-centering 
reinforcement 


Figure 24 shows a type of floor construction with reinforced slabs cast on top 
of the I-beams. The top of the slabs may be cemented to receive any kind of 
finished floor desired. The I-beams are shown without any fireproofing. A 
number of the building codes consider the I-beams fireproofed if a metal lath 
suspended ceiling is used. : 


Fie. 23.—Corrugated steel arch formers. 


A floor applicable for driveways into stations, hotels, etc., or for warehouse 
floors, is shown in Fig. 25. Steel plates, riveted to the top flanges of the I-beam 
supports are covered with reinforced concrete which is the supporting material 
of the floor. Any surfacing desired to withstand the wear of the traffic, as 
asphalt, cement, creosoted blocks or paving brick, is laid on top of the concrete. 
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For floors of slow burning construction, wooden joists supported on I-beams 
are often used. This kind of floor construction is sometimes used for churches, 
halls, apartment buildings and small warehouses (see Fig. 26). If a ceiling is 


Fic. 24.—Slab floor construction 


desired, wire lath is suspended to the bottom flanges of the I-beams, or wooden 
lath is nailed directly to the joists and the bottom flanges of the I-beams boxed in. 

Floors of patented construction are on the market. Many advantages are 
claimed by their inventors. One of these types employs the use of specially 


Fig. 25.—Driveway floor construction. 


designed sections called “‘steel lumber sections.’’ Joists of these sections are 
intended to take the place of timber joists or I-beams. The sections are made 
up of plates of uniform thickness which have been formed into channel 


Fie. 26.—Timber joists. Fre. 27.—Steel lumber joist. 


sections. Two of these channels are fastened together to complete the ‘‘steel 
lumber joist’’ (see Fig. 27). The Jones and Laughlin Steel Corporation rolls 
junior beams of the following sizes and weights per foot: 


Junior Beams. Junior Beams. 
12 in.—11.8 lb. 8 in.—6.5 Ib. | 
11 in.—10.3 lb. 7 in.—5.5 |b. | 
10 in.—9.0 lb. 6 in.—4.4 Ib. | 
9 in.—7.5 lb. | 


Other sections are made for studs, partitions, etc. Many accessories as 
fastenings, separators, bridging, etc., are furnished. The steel lumber joists are 
generally used in combination with other materials. 

8d. Beam Framing.—The type of floor having been decided upon, 

the next consideration is the arrangement and spacing of the beams. The loca- 
tion of openings, spacing of columns, depth of floor, etc., are important factors in | 
designing the floor framing. The best design is determined by a trial and esti- | 
mates of different arrangements as it is not possible to make a set of rules for this | 
| 
| 
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purpose. The size of the sub-panels will be fixed by the economical span of the 
type of floor construction used. For terra cotta arches, the usual span is 5 to 6 
ft. For reinforced concrete slabs, the span will be larger, possibly up to 15 or 
20 ft. For concrete joist construction, the intermediate panels of steel beams 
are omitted and the main panels between column centers may be as large as 25 to 
30 ft. 
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Fic. 28.—Framing of various-size beams. 


For large areas of floor surface, the arrangement of beams may be influenced 
by the advisability of making the framing beams continuous throughout the vari- 
ous panels. Also, where there are beams and girders in a panel, the girder is 
placed in the short direction to limit its depth and the beams in the long direc- 
tion spaced at the proper distances cen- c rage. ba Magee ee 
ter to center to aire the loads. ‘s a co (andl! ee eet 
Then again, it should be the aim of the 3% in fr. 
designer to place the girders in the short tet 7 
direction of the building to secure +4 
stiffness for wind bracing. It is econ- 
omy to make as many panels identical 
as possible in order to secure greater duplication in the fabrication of steel, forms, 
terra cotta and stone. Skew framing, of course, should be avoided wherever 
possible. 

Beams framing into beams are connected generally by two connection angles 
at each end. The one angle connection is used only when the space available 
will not permit two angles. When the type of floor will permit, the shallower 


Fic. 30.—Framing of various-size beams. 


Fia. 31.—Framing into deep beams. Fic. 32.—Framing into deep beams. 


beams should be set down below the top of the deeper beams to avoid coping or 
“blocking out” of the beams. * By observing simplified details in the design, the 
fabricating costs and erection costs are reduced, resulting in a less cost for the 
completed building. Figure 28 shows the framing of standard I-beams designed 
with the 24, 20, 18 and 15-in. beams flush on top, and the 12-in. and smaller 
sizes flush on the bottom. Figure 29 shows the framing designed with beams 12 
in. and over flush on top, and the 10-in. and smaller sizes flush on the bottom. 
In Fig. 30, all the sizes of beams are designed to be flush on top. The relative 
elevation of the different sizes of beams is determined from the type of floor 
construction used. 
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When a shallow beam frames into a deep beam, the shallow beam should 
preferably rest on a seat angle and have a side connection angle. Such a con- 
nection is an advantage to the erector as the seat angle acts as an erection seat 
and thus facilitates erection. This is especially true when two beams frame 
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beams with reac- 
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opposite to each other and have a common connection. Also the smaller beams 
become plain punched beams without riveted connection angles and therefore 
take a lower classification at a lower unit cost. A few connections of this kind 
are shown in Figs. 31 and 32. 


Section A-A 
Fie. 37.—Connection Fia. 38.—Connection Fie. 39.—Connection with 
to web of column. to web of column. stiffening plate. 


The usual types of beam connections to columns are those having top and 
bottom seat angles. With this kind of connection, the erection is facilitated as 
the beams are laid on the seat angles, the ends of the beams are ordered short to 
provide adjustment in the distance from column to column and there are but six 
field rivets to drive at each end. The standard beam connections to columns are 
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Taste 5.—StirreENED Bram Seats! 


Fitted Stiffeners 


"Finer 


Stiffener angles Capacity of Weight of 
Rivet | Single | No. of rivet group connection 
diam-| shear | rivets Size of Si Bearing ak is ub) 
a8 oe in one | seat angle uate te e value Gage 
in. rive row : of two Two | One | Two | One 
listed first angles angle stiff. | stiff. | stiff. | stiff. 
in kips 
3 6xX4xX 3% 1332 X3 X Ke 51 13% 40 29 
4 6x4xX %/13KxX3 X Ke 51 134 53 35 
4 6xX4xX 3% |84%XxX4 X Keo 51 213 38 42 
4 6xX4xX %/13%X5 X Ke 51 346 31 48 
5 6X4xX %/13K%X3 X Ke 71 1% 66 47 
5 6X4X %I13%x*K4 X Ke 51 218 51 49 
% 6.63 5 6X4xX %I3K%X5 X Ke 51 34 43 56 
6 6x4xX %I13KxX3 xX 81 1% 80 40 59 37 
6 |6xX4x % (3% x4 X Hol 71 214 66.1 .. | 86 
6 6xX4xX %I3K%X5 X 61 34 56 70 
if 6xX4xX %/13KxX3 xX %e 91 134 93 46 70 42 
7 |6x4x 3 (3% x4 x3] 81 | 21] 79 | 30 | 78 | 48 
7 6xX4xX %i13%xX5 X Ke 71 316 70 ae 85 
3 6xX4xX %i3KH x3 xX% 61 1% 54 35 
4 6X4xX %/|13K%xX3 XK Ke ral 1% 72 36 44 31 
4 |6x4 x % [334 x4 XKe| 51 | 2] 50 | -. | 47 
4 6X4xX %\i8%xX5 X Ke 51 34 42 53 
5 6X4xX %\13%xX3 xX His 91 13% 90 45 59 37 
5 |6x4 x 3% \3i4xK4 XKel 71 | 24] 69 | .. | 63 
K% 9.02 5 6X4xX%%/8%x5 xX% 61 3% 59 67 
6 6xX6xX %15 xX 3% xX Ke| 106 134 | 108 54 73 46 
6 6xX6xX%l14 K4 XH 95 a4 88 44 81 51 
6 6xX6xX %i4 K6 X Ke 83 3% ae 38 95 61 
7 6x6xX%1I5 xX3KW%x% 122 134 126 63 89 54 
vf 6xX6X %/4 %4 X%e} 106 2% 107 54 97 60 
7 6x6x %/4 X6 X% 95 3% 95 48 115 71 
3 6xXx4x % Seed leg ti 71 2 71 43 
3 6X4xX %|184%xK4 xK% 61 2% 44 45 
4 6X4xX % |3% XK 3% XK Ke 91 2 94 47 58 39 
4 16%4% 3¢ (334 X4 X Kol 71 | 2341 67 58 
4 6xX4xX%l1B%WxX5 xX% 61 344 | . 55 61 
1 11.78 5 6xXx6xX%|lI5 X3KxXM 122 2 118 59 74 47 
5 6X6xX%%\l4 xX4 XM 95 2% 91 45 76 50 
5 6xX6X %|4 K6 X Ke 83 34 77 38 88 58 
6 6X6X%I5 X3KX Ke} 137 2 141 71 91 56 
6 OX Se107" xX OX 122 24% | 115 58 101 62 
6 6X6xX%l5 xK5 MK Kel 106 314% | 100 50 98 62 


Effective length of bearing assumed 14 in. less than length of outstanding leg. 

Capacities are based on rivets in single shear. Rivet. values should be investigated for bearing when 
seats connect to thin material or when seats on opposite sides of a carrying member have rivets in common. 

Torsion on rivet groups is figured for gages 2}4 in. and over, and only rivets through stiffeners are 
counted. For capacities between stiffener gages of 244 and 314 in., interpolate. 

For capacities under 35 kips unstiffened seat angles should be used. 

Weight of connection includes top and seat angles, fillers, stiffeners and rivets, shown in sketch, 
and should be used for estimating purposes only. Length of top and seat angles assumed 4 in. greuter 
than the distance between rivet lines, except for stiffeners with 6-in. leg for which the length is assumed. 


as 12 in. 
1 “Steel Construction,” 1941, by American Institute of Steel Construction. 
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shown in Figs. 33, 34, and 35. Seated connections without stiffener angles may 
be used for end connections up to 35,000 lb. Seated connections with single or 
double stiffeners are used for end reactions over 35,000 Ib. or for beams over 18 in. 
in depth. 

Figure 36 shows a connection of an off-center beam framing into the flange 
of acolumn. Figures 37 and 38 are similar except that the beams frame into the 
webs of the columns. 


Fia. 40.—Beam connection to web of Fie. 41—Web connections on beams. 
column. 
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Fria. 42.—Typical floor framing plan. 


Plates sometimes are substituted for the stiffeners under seat angles of suffi- 
cient thickness to carry the bearing. A detail of a stiffening plate fitted under 
the seat angle is given in Fig. 39. A typical detail of connecting a beam to the 
web of a column and the side views of beams connecting to the flange faces are 
shown in Fig. 40. The ends of the beams are detailed ‘“‘short’’ to clear the cover 
plate rivets. 

When the clearance lines determined by the architectural features will not: 
permit the use of stiffener angles under the bottom seat angles, web connections 
on the beams must be used. This detail, however, makes the erection more diffi- 


Sec. 1-9} BUILDINGS 21 


cult and increases the number of field rivets (see Fig. 41). If a top and bottom 
connection is added to such a connection, additional stiffness is secured for wind 
bracing. 

A discussion of beam framing is not complete without showing a complete 
framing plan. Figure 42 is a typical floor framing plan of a twelve story apart- 
ment building erected in Chicago. Flat arch tile is used for the floor construction. 

Typical beam sketches showing the practice of detailing beams for shop 
fabrication are shown on pp. 509 and 510. The duplicate beams for various 
floors are detailed together to give the shop the advantage of duplication. 

9. Columns. 

9a. Requirements in Column Design.—The spacing of columns is 
fixed generally by the architectural requirements such as location and size of 
rooms, location of courts, stair wells, elevator shafts, ete. When the spacing is 
not governed by these considerations, the designer will determine the spacing 
based on economy for the building asa whole. The cost of the floor construction 
added to the cost of the columns and foundations should be the minimum. A 
duplication of the panels as far as possible will give greater duplication of the steel 
work, terra cotta, stone, windows and other materials. 

Columns with very large wind bracing brackets and taking considerable wind 
bending should be investigated for ability to take this bending. The stress due to 
bending must be transmitted from one flange to the other through the web. The 
rivets from the angles into the web must be able to carry the increment of the 
bending stress. 

Column cross-sections are discussed in Art. 9c. Frequently the size of column 
cross-section is made smaller than the economical size in order to increase the 
floor space or to conform to sizes determined by the architects. It is always true 
in building designs that the steel work must always maintain and conform to the 
architectural features. The requirements of different trades are such that verti- 
cal pipe spaces or air ducts are required along some of the columns which may 
require special details at the beam and girder connections. 

Columns should be so placed that their greatest moments of inertia are in 
the direction of the shortest dimension of the building in order to give the greatest 
rigidity to the building as a whole, or to offer the greatest resistance to the wind 
stresses. When this is not a determining factor, the axes of the columns should 
be so placed as to afford the simplest and most efficient connections for the beams 
or girders. 

The upper tiers of columns should be designed without cover plates where 
possible by increasing the thicknesses of the angles and webs, thus simplifying 
the fabrication by reducing the number of pieces to be minehiea and riveted. 

The general practice is to design columns in two-story lengths. Three-story 
lengths have been used in a limited number of buildings but are objectionable 
to the erector on account of the longer booms required to raise the longer columns 
and the larger quantity of timber used for the temporary floors. 

9b. Column Formulas.—A comparison of column formulas accord- 
ing to the codes of various cities is given in Table 6. 

9c. Types of Columns.—Various types of columns are being used 
by engineers. The choice is based on economy of design, general requirements for 
making wind bracing and beam connections and the preference of the engineer. 
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Taste 6.—CoLuMN FormuLas or Various CITIEs 
ee aa ee ee ee ee ee 


City Formula 


Chicago (1938) Max 


Dallas (1929) Max 


Wenveri(OS6)ie. eke ees - Max 


Detroit (1941) 


Memphis (1930)) <2. 3-5. 06 Max 


Milwaukee (1934) Max 


New York (1941). 225) ve... 


Philadelphia (1939)......... 


Portland (1940) 


Salt Lake City (1940)....... 


San Francisco (1941) 


18,000r? 
18,000 


L? 
Be 18,000r? 


Washington (1941) 


. 15,000 Ib 
. 15,000 Ib 


. 15,000 Ib 


. 15,000 Ib 
. 15,000 Ib 
. 15,000 Ib 
. 15,000 Ib 


. 15,000 Ib 


| 


Sgt 
200r 


<. 15,000 Ib 


. per sq. in. 


. per sq. 


. per sq. 


. per sq. 


. per sq. 


. per sq. 


. per sq. 


. per sq. 


The kinds more generally used will be shown and a comparison made of the 
various ones. 

The type of column shown in Fig. 43, used more than any other kind, is known 
as the plate-and-angle column. One section is shown built up of four angles, two 
webs and three cover plates on each flange—the other, of four angles and one 
web. The lightest columns are made of four angles laced together. Additional 
strength is obtained by increasing the weight of the angles, adding web plates and 
cover plates. Handbooks published by steel companies give the sizes of these 
columns for various loads, moments of inertia and other properties. 
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The cross-sections of two plate-and-channel columns are shown in Fig. 44, 
one of a heavy section built up of two channels, two webs on each channel and 
three cover plates on each flange, the other of a lighter section consisting of two 
channels and one cover plate on each flange. The lightest columns are made of 
two channels of light weight laced together. Additional strength is obtained by 
increasing the weight of the channels, adding web plates and cover plates. Hand- 


aa 


Fie. 43.—Plate-and-angle columns. Fig. 44.—Plate-and-channel columns. 


books published by the steel companies give the sizes of these columns for various 
loads, moments of inertia and other properties. 

The sizes and weights per foot for standard channels are given below. Al- 
though all the sizes of channels are given to make the list complete, the sizes under 
8 in. are too small to use for the average column construction. 


Channels. 
18 in.— 58.0, 51.9, 45.8, and 42.7 Ib. per ft. 
15 in.—55.0, 50.0, 45.0, 40.0, 35.0 and 33.9 lb 
12 in.—40.0, 35.0, 30.0, 25.0 and 20.7 lb. 
10 in.— 35.0, 30.0, 25.0, 20.0 and 15.3 Ib. 
9 in.—25.0, 20.0, 15.0 and 13.4 lb. 
8 in.— 21.25, 18.75, 16.25, 13.75 and 11.5 Ib. 
7 in.—19.75, 17.25, 14.75, 12.25 and 9.8 lb. 
6 in.—15.5, 13.0, 10.5 and 8.2 lb. 
5 in.—11.5, 9.0 and 6.7 lb. 
4 in.—7.25, 6.25 and 5.4 lb. 
3 in.—6.0, 5.0 and 4.1 lb. 


In Fig. 45 are shown cross-sections of two wide-flange columns, one with 
and one without cover plates. These shapes were 
devised to obtain a larger moment of inertia than 
a built-up column for the same weight. The steel 
manufacturers’ handbooks give the sizes of these 
wide-flange columns for various loads, moments of Fic. 45.—Wide-flange col- 
inertia and other properties. eat 

The sizes and weights per foot for wide-flange columns are as follows: 


Wide-flange Columns. 

14 in.— 30.0, 34.0, 38.0, 42.0, 43.0, 48.0, 53.0, 58.0, 61.0, 68.0, 74.0, 78.0, 84.0, 
87.0, 95.0, 103.0, 111.0, 119.0, 127.0, 136.0, 320.0,* 142.0, 150.0, 158.0, 
167.0, 176.0, 184.0, 193.0, 202.0, 211.0, 219.0, 228.0, 237.0, 246.0, 
255.0, 264.0, 273.0, 287.0, 300.0, 314.0, 328.0, 342.0, 356.0, 370.0, 
384.0, 398.0, 412.0, and 426.0 Ib. per ft. 

12 in.—25.0, 28.0, 32.0, 36.0, 40.0, 45.0, 50.0, 53.0, 58.0, 64.0, 65.0, 72.0, 79.0, 
85.0, 92.0, 99.0, 106.0, 120.0, 133.0, 147.0, 161.0, 176.0, and 190.0 lb. 

10 in.—21.0, 23.0, 26.0, 29.0, 33.0, 37.0, 41.0, 45.0, 49.0, 54.0, 60.0, 66.0, 72.0, 
77.0, 89.0, 100.0, 112.0, 124.0, and 136.0 lb. 

8 in.—17.0, 19.0, 21.0, 24.0, 27.0, 31.0, 33.0, 35.0, 40.0, 48.0, 58.0, and 67.0 lb. 


* Describes column core section. 
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Two sections of the three channel type are shown in Fig. 46. The heavier 
section is shown with three channels, two web plates riveted to one channel and 
three cover plates on each flange. The lighter section consists of three channels 
and one cover plate on each flange. 

For columns carrying heavy loads, a design of column built up of three webs 
has been used. A column of this type is shown in Fig. 47 consisting of three webs, 
eight angles and two cover plates. For additional strength, the angles and plates 
are increased in thickness, and additional webs and cover plates used, if necessary 

The type of column shown in Fig. 48 consists of three I-beams riveted 
together. Its use is restricted, however, to such cases where suitable beam and 
girder connections can be made. The standard beam connections cannot readily 
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Fig. 46.—Three channel Fie. 47.—Three web Fic. 48.—Three I-beam 
columns. column, column. 


be attached to this section as will be apparent by an inspection of the sketch. 
The column is a very rigid one and is simple to fabricate as there are but few 
pieces of material to handle with a small number of rivets per ton. 

A modification of the three I-beam type for extremely heavy loads is the sub- 
stitution of built-up sections instead of I-beams, as shown in Fig. 49. This 
column has the same restrictions as the column shown in Fig. 48 with the added 
disadvantage of a larger number of rivets per ton. 

A column which has been used for reinforced concrete columns is the Gray 
column, patents for which have expired. The section is shown in Fig. 50 and 
consists of four pairs of angles connected by bent straps. Many sizes of columns 
and weights are possible with this design but the angles must be of such propor- 
tion to the width of the columns that the rivets through the bent straps can be 
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Fie. 49.—Built-up column. Fig. 50.—Gray column. Fia. 51.—H-column. 


driven. To determine the size and weight of this type of column, investigation 
for resistance to bending and shear should be made and it should also be computed 
as a reinforced column carrying the floor loads. 

For light loads, the H section, Fig. 51, will be found very desirable. The 
depth and flange width is the same in each section. The column is a simple one 
to make in the shop and beams are easily connected to it. Four sizes of these 
beams are rolled as given in the following table: 


H Sections. 
8 in.— 37.7, 34.3 and 32.6 lb. per ft. 
6 in.—27.5, 25.0, 22.5, and 20.0 lb. 
5 in.—18.9 lb. 
4 in.—13.8 lb. 
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Cast-iron columns are ordinarily made with cylindrical sections. Suitable 
lugs are cast on the columns for connections to framing beams (see Fig. 52). As 
cast-iron columns are made to order, a considerable variation in design is possible. 
The common sizes vary from 5 to 15 in. in diameter and from 14 to 21¢ in. in 
thickness. For special purposes, angle, U-shaped, rectangular, 
square and H sections have been used. Cast-iron columns have 
the advantages of offering greater resistance to fire than unprotected 
steel columns, can be quickly obtained, can be made of any 
desired shape to meet the requirements of the architectural 
features, and they take up a minimum of space in the building. 
There are disadvantages, however, such as uncertainty in the 
quality of the material, a higher cost than the structural steel 
columns and the fault of eccentricity in the metal due to the pig 55 — 
liability of the core not being concentric with the outside cireum- —_Cast-iron 
ference of the columns. This fault is detected at the ends. At column. 
intervals along the column, it is necessary to drill test holes in order to measure 
the thickness of the metal. About 1<-in. eccentricity is permissible. 

A section of the patented Lally column is shown in Fig. 53. 
Steel shells are filled with compressed concrete. Additional 
strength for the columns is obtained by reinforcing with a bar 
Fig. 53.—Lally _ or bars, or a pipe through the center of the column. The 


column. a . 
various sizes made are as follows: 
LALLY CoLuMNS 
Heavy WEIGHT Licut WrIGHT 
1234-in. dia.—169 lb. per ft. 4 -in. dia.—17 lb. per ft. 
10%4-in. dia.—123 lb. 34-in. dia.—13 lb. 


95¢-in. dia.—100 lb 
85¢-in. dia.— 81 lb. 
75¢-in. dia.— 64 lb. 
65¢-in. dia.— 49 lb. 
514-in. dia.— 36 lb. 
5 i 


-in. dia.— 29 lb. 
4\¢-in. dia.— 24 lb. 
4 -in. dia.— 20 lb. 


344-in. dia.— 15 lb. 


Many varieties of bases, caps, beam and girder connections are made to suit 
all requirements for making connections. Complete information in regard to 
the columns and accessories is published by the manufacturers, Lally Column Co. 

9d. Comparison of Different Types of Columns.—The plate-and- 
angle column, Fig. 43, is a simple one from the standpoint of the designer, fabri- 
cator and erector. The beam and girder connections are easily made. Field 
rivets are easily driven in both the web and flanges. Errors are easily remedied 
and revisions made without the necessity of tearing the column apart. These 
advantages account in part for the extensive use of this column. 

The plate-and-channel column, Fig. 44, is open to some objections not true 
of the plate-and-angle column. The beam connections on the cover plates are 
riveted before the various parts of the column are fitted up, thereby involving 
extra handling of material. As the section is a “closed box” type, through bolts 
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must be used instead of field rivets for the field holes in the web face. Errors are 
very difficult to remedy and revisions can only be made by tearing the column 
apart. 

A comparison of strength between these columns, Figs. 43 and 44, will be 
made assuming the story heights to be 20 ft. and the columns designed according 
to the Chicago Building Ordinance—that is, the allowable unit stress is 

18,000 

LL? 
1 + Tg 00072 
maximum allowable stress available, the least radius of gyration of the column 
must be about 4. This value for a plate-and-angle column can be obtained for 
the larger sizes only, such as a column with 16-in. cover plates, whereas in a plate- 
and-channel column, the value may be obtained with 12-in. covers. The follow- 
ing are approximate values only but are sufficiently close for a comparison: 


with a maximum of 15,000 Ib. per sq. in. In order to have the 


PLATE-AND-ANGLE CoLumNs (Fie. 43) 


Covers Least radius of gyration Allowable unit stress 
(in.) (in.) (Ib. per sq. in.) 
14 3.58 | 14,400 


16 4.05 | 15,000 
PLATE-AND-CHANNEL CoLumNns (Fie. 44) 


Least radius of Allowable 


Channel Covers : : 
(in.) Gn.) gyration unit stress 
(in.) (lb. per sq. in.) 
10 12 3.33 13,950 
12 14 4.04 15,000 
15 16 4.76 15 ,000 
18 5.46 15,000 


It will be noted from the above, that for the same size covers, the plate-and- 
channel column permits a working stress about 450 lb. per sq. in. higher than the 
plate-and-angle column. Expressed in percentage, the plate-and-channel col- 
umn is 3.1 per cent lighter than the plate-and-angle column. The comparison is 
based on plate-and-angle columns having cover plates. If plate-and-angle 
columns without covers be used in comparison, the economy in weight will be 
more in favor of the plate-and-channel column. Only a small number of columns 
for the entire building are designed without covers so the comparison made is 
applicable to the majority of the columns. Taking into consideration the many 
advantages obtained by the use of the plate-and-angle columns, the latter is 
preferred by most designers instead of the plate-and-channel type. 

The wide-flange columns, Fig. 45, have advantages and disadvantages not 
possessed by the other types. A greater moment of inertia is obtained for the 
same weight and since the column is in one piece, the cost of riveting up various 
pieces (as in the plate-and-angle, or the plate-and-channel column) is saved. 
When cover plates are used on the wide-flange columns, some of this advantage 
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is lost. The holes in the webs and flanges of wide-flange columns exceeding 1 in. 
in thickness must be drilled, whereas for the columns made up of plates and 
angles, 1 in. in thickness and under, the holes can be punched full size. A full 
discussion of wide-flange shapes compared with standard shapes is given in Art. 8b. 

The three channel type of column, Fig. 46, readily permits additional sectional 
area for heavy loads but is a difficult column to fabricate. The material must be 
handled several times in the shops for riveting on the connection angles, the col- 
umns are then only partly assembled and riveted, and finally the third channel is 
fitted between the cover plates and riveted. There is also the same objection 
to this column that there is to all box sections—that is, through bolts are required 
for the connections through the webs and the column is inaccessible for painting. 

The same criticism made of the three channel type will apply to the type of 
column shown in Fig. 47. 

The three I-beam type of column, Fig. 48, is admirably adapted for heavy 
ioads and for resisting large bending stresses, provided the connecting beams and 
girders framing into the columns are so located that good connections can be 
made. 

The Gray column, Fig. 50, is difficult to keep square and free from twist in 
fabrication. Connections for beams and girders are easily made to the Gray 
column if the connecting members are on the center line of the column. If the 
connecting members are off the center line of the columns, efficient connections 
are impossible. For the same weight the Gray column has a larger moment of 
inertia than any other column except those shell shape in section but its cross- 
section is large in comparison with the columns ordinarily used. At the present 
time, the Gray column is seldom used. 

The H section, Fig. 51, is ideal for light loads permitting good connections for 
framing beams and cheap fabrication. 

9e. Column Splices.—Column splices are generally located a little 
above the floor level at a point where the column splices will be clear of the beam 
or wind bracing brackets. This will result in an economy of steel for the main 
members of the columns and will also permit the erector to place a temporary 
floor at this level before proceeding with the next tier. By placing all of the 
splices at the same level, greater duplication of columns is obtained. The splices 
should never stagger at different floor levels because, with this condition, the erec- 
tor cannot erect the steel by tiers and place temporary floors for progressive 
erection. ; 

The theoretical location of a splice is at the point of contraflexure of the 
column. Due to wind stresses, this point is at the middle of the column but due 
to direct load, there are two points of contraflexure considering the ends of the 
columns fixed. These points of contraflexure will vary from the middle of 
the column to points above or below the middle depending upon the amount of the 
wind stress. Consequently the present practice of placing the splices from 1 to 5 
ft, above the floor level is close enough for practical purposes. 

The best type of column splice and the one generally used consists of splice 
plates on the flanges and cap angles on the web. This type of splice permits easy 
erection of the upper column on the lower one and has the smallest number of 
field rivets to drive. When the column section changes in width, a cap plate is 
inserted between the abutting ends to distribute the bearing. 
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A typical drawing of a column is illustrated on p. 511 with the ordinary type 
of splice. 

10. Party Walls.—Party walls, as the name implies, are the common walls 
used by two adjoining buildings. The different ordinances regulate their 
thicknesses, method of support, and requirements for fireproofing. Obviously, 
party walls are used as a matter of economy and to save floor space. For exten- 
sions to existing buildings under the same ownership, the party wall is desirable— 
as for example, when extensions are made to department stores or hotels. In 
some cases, the use of the party wall may seem to be the logical solution but the 
difficulties of construction may be such that the design of independent walls is 
best. 

The simplest party wall is the dividing wall between two adjoining buildings 
and carries the floors of the two buildings, the foundations being designed strong 
enough for this purpose. Sometimes in designing a building, an extension is 
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contemplated and the wall adjacent to the proposed addition is made heavy 
enough and connections are riveted to the columns for the future connections. 
When the extension is made, it is then a simple matter to cut holes through the 
masonry at the connection points of the old building and insert the new beams 
(see Fig. 54). As the walls of old buildings are generally out of plumb, measure- 
ments are taken in the field to get the correct lengths of the new beams which 
connect to the old columns. Buildings supported on piles or floating founda- 
tions have been found to lean more or less, even as much as12in. The settlement 
of buildings supported by caissons resting on bed rock has been found to be 
negligible. 

Special problems are involved when a new building is erected alongside of an 
old one having self-sustaining walls and it is decided to preserve and use the old 
wall as a party wall. Figure 55 shows a design to meet these conditions. New 
foundations for the party wall are placed centrally on the lot line. Then the new 
columns are erected on the new foundations in recesses made in the old wall. 
As it is the intention to support the old wall on the new foundations, the old wall 
is underpinned a few feet above the piers and double beams inserted which 
connect to the new columns and support the weight of the old wall. The illus- 
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tration shows the double beams connected to the columns inside of the old wall. 
Beams are placed alongside the old wall at the floor levels and connected to the 
columns to support the new floors. As these beams are placed within the depth 
of the floors, there are no projections into any room space. If the old building is 
out of plumb and leans toward the new building, horizontal recesses are made in 
the old wall to receive the new beams. When the construction is completed, the 
foundations carry the weight of the old wall, and the floors of the new and old 
buildings. The columns carry the floors of the new building and the old wall, 
as before, carries the floors of the old building. 

If the old wall is not self-sustaining but is supported by wall beams and col- 
umns and it is desired to use the old wall as a party wall, a different design from 
the one shown in Fig. 55 is adopted. The old foundations are enlarged, rein- 
forced, or replaced sufficiently to support the 
added weight of the floors of the new building. 
The old wall is recessed at the column points 
to receive new columns which when erected 
are rigidly connected to the old columns. 
The combination columns composed of the 
old and new columns are designed to carry the 
weight of the old wall and the floors of the old 
and new buildings. As in the other design, 
new beams are placed alongside the old wall at 
the floor levels and connected to the columns 
to support the new floors. 

In all structural buildings, when it is 
necessary to connect to old walls, special 
details and connections must be devised to enable the erector to drive the field 
rivets with sufficient clearance without interference from the existing old wall. 
Turned bolts as substitutes for field rivets are only permitted when the driving 
of field rivets is impossible. 

When a new wall is carried up independently of the old wall, foundations must 
be designed to stay within the lot line and not interfere with the foundations of 
the old building. Cantilever girders are used for this purpose. The girders rest 
on two piers and support the wall columns which are located within the lot line 
and off the center of the piers. If the wall of the old building is out of plumb and 
leans toward the new building, vertical recesses are made in the old wall for the 
new columns and horizontal recesses for the spandrel beams. Figure 56 illus- 
trates a design of an independent wall carried on cantilever girders. 

11. Wind Bracing. 

11a. Wind Load Requirements.—A list of the wind load require- 
ments given in the codes of several cities is given in Table 7. 

11b. Resistance to Wind Stresses.—The question of wind bracing 
for steel buildings is very important and at the same time difficult tosolve. Prob- 
ably no other phase of building design has been so freely discussed as the proper 
method of resisting wind stresses. Probably also the biggest diversity in designs 
by different engineers lies in their treatment of the wind bracing. The wind 
bracing for every building is solved differently, being governed by the building 
code, height, size of wings, width and length of the building. 


Fig. 56.—Cantilever girder. 
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Taste 7.—WIND-LOAD REQUIREMENTS FOR Various CiTIEs 


City Requirements 


Chicago (1988)......... 25 Ib. per sq. ft.—30 lb. per sq. ft. on a surface more than 
275 ft. above grade—overturning moment not to exceed 
75 per cent of dead load resisting moment 


Wales (LO2O) ier carci ts aie 20 Ib. per sq. ft. of vertical surface—overturning moment 
not to exceed 75 per cent of dead load resisting moment 
Menyeri(1935): 5. c.08 10 lb. per sq. ft. for those portions of the building less than 


40 ft. aboveground and not less than 20 lb. per sq. ft. for 
those portions more than 40 ft. aboveground 


Detroita(hOtl)s sz e<nipiax 20 Ib. per sq. ft.—to be increased 2 Ib. per sq. ft. for each 
100 ft. or fraction thereof over 100 ft. high 

Memphis (1930)........ 20 lb. per sq. ft. on sides, ends and vertical projection of 
roof. 30 lb. per sq. ft. on frames under construction 

Milwaukee (1934)...... 20 lb. per sq. ft. of exposed surface—overturning moment 


not to exceed 75 per cent of the moment of stability of the 
structure due to dead load only 
New York (1941)....... 20 Ib. per sq. ft. of exposed surface from top of structure 
down to the 100-ft. level for structures over 100 ft. in 
height. The overturning moment due to wind pressure 
shall not exceed 75 per cent of the moment of stability 
Philadelphia (1939)..... 20 Ib. per sq. ft. over the entire surface. 25 lb. per sq. ft. 
for an isolated building exposed to the full force of the 
wind throughout its entire height and width 


Portland (1940)........ 20 lb. per sq. ft. of exposed surface—overturning shall not 
exceed 50 per cent of the moment of stability of the 
structure 


Salt Lake City (1940)...} 15 lb. per sq. ft. for those portions of the building less than 
60 ft. aboveground and not less than 20 lb. per sq. ft. for 
those portions more than 60 ft. aboveground. The over- 
turning moment shall in no case exceed 50 per cent of the 
dead load resisting moment 

Washington (1941)..... 20 Ib. per sq. ft. of exposed surface measured from the 
ground to the top of the building, for all buildings or parts 
of buildings in which the height is more than two and one- 
half times the minimum horizontal dimension. The ever- 
turning moment shall in no case exceed 6624 per cent of 
the moment of stability due to dead load only 


The ideal system for resisting wind stresses is by means of a web system 
of diagonals but, as web systems interfere with window openings, portal bracing 
must be used. Wind bracing girders are used, generally in the outer walls, 
extended at the ends with brackets to provide resistance to the bending moment. 
For buildings of narrow width, these girders extend through the interior of the 
building. Obviously such bracing will be designed to advantage where required 
—for example, for wings around courts, around lobbies, high stories, towers, etc. 

Much uncertainty is involved in the resistances to wind forces. The interior 
partitions, floor construction and exterior walls all contribute to the rigidity of 
the building, but to an indeterminate extent. It is, therefore, safe designing to 
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neglect such assistance in the computations and rely only on the system of 
bracing calculated. 

Under the provisions of some building ordinances, buildings may be built to 
certain heights without any provision for wind pressure. Others will permit a 
height of from one and one-half to three times the least horizontal dimension 
before requiring wind pressure to be considered. 

The type of construction of walls is an important one in determining the 
amount of wind bracing necessary. For instance, a solid brick wall, in the direc- 
tion of the short dimension of the building, offers a big resistance to wind stresses. 

If any allowance is made for the resistance to wind pressure offered by the 
partitions, floors and exterior walls, this usually is taken care of by reducing the 
intensity of wind pressure for which the structural frame is designed. 

In resisting wind pressure, the building acts as a cantilever beam and is held 
in position by its own weight and anchorage. There is generally no danger of the 
building overturning but the tendency to ‘‘rack’’ must be provided against by the 
proper design of the connections. 

The structure is divided into a number of vertical bents and these bents are 
designed to carry the wind stresses to the foundations. These bents receive 
their loads from the floors, which act as horizontal beams. Usually the floor 
construction is amply strong for such beam action and requires no special consid- 
eration. In special cases, where the vertical bents are offset for architectural 
reasons, the floor construction may require special reinforcement to take care of 
this condition. The vertical bents thus act as portal frames or a series of portal 
frames. 

The portal system adapts itself readily to provide clearances for openings and 
architectural features. This method, however, produces bending stresses in the 
columns and requires special treatment in design of the beam and girder connec- 
tions to the columns. These connections will be discussed in detail for different 
types of girders and beams. 

The end connections 6f wind bracing girders must transmit the moment caused 
by the portal action of the bent and in addition a direct stress of tension or com- 
pression. For small moments, rolled beams with properly developed end con- 
nections may be used for bracing, also serving as supports for the wall. For 
larger moments, built-up girders must be used. In many cases the depth of the 
girder is sufficient to provide a connection strong enough to carry the moment. 
For still larger moments, it is necessary to add wind bracing brackets or increase 
the depth of the girder connections by the use of gusset plates spliced to the webs 
of the girders. 

The thickness of the end connection angles should be considered by the 
designer. This thickness depends upon the amount of load transmitted and the 
gage of the rivets in the legs of the angles riveted to the columns. A thin connec- 
tion angle will distort and decrease the rigidity of the connection, perfect rigidity 
of the joints being the assumption made in the analysis for resistances to wind 
stresses. 

1ic. Types of Wind-bracing Girders.—After the calculations for 
the sections and end connections of the girders are made, the girder is designed to 
conform to the architectural requirements, such as window openings, supports 
for stone, terra cotta or brick. In some cases only one bracket at each end is 
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possible, either above or below the girder. Very frequently, too, the girder must 
be placed off the center of the column to support the wall properly, causing an 
eccentric connection to the column. Sometimes, the flange sections are designed 
unsymmetrical about the webs to suit the physical conditions of the wall. Briefly, 
the designs must be correctly computed and meet all the requirements of support- 
ing walls, projecting materials as stone, brick or terra cotta, and also clear 
openings. 

The simplest kind of wind-bracing girder is shown in Fig. 57. The I-beam 
has a web connection with top and bottom angles connected to the column for 


Fie. 57.—Wind-bracing girder. Fig. 58.—Wind-bracing girder. 


rigidity. The rivets in the vertical legs of these angles should be placed as close 
to the root of the angles as possible, the thickness of the angles being specified 
big enough to develop the rivets. Note that the rivets through the web of the 
I-beam are field driven, to allow for adjustment in the distance between the 
columns. 

The type shown in Fig. 58 is similar to the one shown in Fig. 57, except that a 
built-up girder is used instead of an I-beam to develop a greater bending moment 
than is possible with an I-beam. The connection in the illustration is known as 
a “butt” connection. As the end connection angles are shop riveted to the 


Fra. 59.—Wind-bracing girder. Fia. 60.—Wind-bracing girder. 


girder, the length of the girder is definitely fixed without adjustment. In erec- 
tion, the girder is raised to the proper floor level and set on top of the seat angles. 
The girder is then bolted or pinned in place and the top angle bolted or pinned 
ready for the riveting gang. If a line of girders with butt connections exceeds 
about 100 ft., provision for adjustment should be made to allow for what is known 
as the “‘growth of the steel,” or to allow for inaccuracies in setting the columns 
at the correct distances apart. Adjustment may be made by detailing the girders 
3g in. less at each end than the actual lengths and providing shim plates varying 
in thickness of }¢ in. for about one-half of the number of openings. Oftentimes, 
some of the girders will be identical except for differences in length of less than 1 in. 


Sec. 1-12] BUILDINGS 33 


In such cases, to simplify the fabrication and secure more duplication, the girders 
should be detailed the shortest length and fillers, not exceeding 14 in. in thickness, 
added to obtain the correct lengths. 

Another type of connection (Fig. 59) is used to provide a depth of connection 
greater than the depth of the girder. The angles riveted to the flange angles 
increase the cost of fabrication somewhat, due to the extra handling of the girder 
necessary to drive the rivets through the outstanding legs of the flange angles. 
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Fig. 61.—Wind-bracing girder. Fig. 62.—Wind-bracing girder. 


The girder shown in Fig. 60 is simpler than the one in Fig. 59, the objection- 
able angles riveted to the flange angles being omitted. 

The girder in Fig. 61 is objectionable in fabrication, the web splice being made 
onanangle. The one shown in Fig. 62 is much preferred. In both these types, 
it was necessary to extend the connection below the girder as the clearances 
required by the architects did not permit any steel projecting above the top 
flanges. . 

Two types of wind-bracing girders designed to transmit large moments are 
given in Figs. 63 and 64. The one in Fig. 63 is placed on the center line of the 


Fra. 63.—Wind-bracing girder. Fig. 64.—Wind-bracing girder. 


columns and attaches to the web or flanges. The one in Fig. 64 is located off 
the center line and connects to the flange of the column. 
12. Spandrels. 

12a. Architectural Requirements.—A spandrel is the portion of the 
outside or court walls between the window openings for successive stories. Span- 
drel beams or girders are designed to give proper support for the various materials 
in the spandrels. Very often, the spandrel beams or girders are used for wind 
bracing as well if the architectural design will permit. As the masonry walls 
of a steel building are not self-supporting, the spandrel beams carrv only one 
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[Sec. 1-126 
To provide support for the stone, terra cotta and brick, 
a great many varieties of spandrels are required in one building. It is advisable, 


Fie. 65.—Spandrel se 


ction for solid wall. 


though, to design the spandrels with as few varieties as possible. 


Anchors, tie 
rods and clips for holding the masonry are furnished by the masonry contractor. 
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Fie. 67.—Spandrel section showing method 
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of supporting terra cotta. 
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Fia. 68.—Section over entrance showing 
method of supporting terra cotta. 
When the spandrel beams or girders do not extend outside of the column, lugs or 


brackets (called ‘‘brick supports’) are attached to the columns at each floor 
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] level to carry one story of brick or other material for 
Yy the width of the column. 
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12b. Kinds of Spandrel Beams.—In Figs. 
65 and 66 are shown two methods of supporting a story 
Yj} height of solid wall. In the cases shown, the girders 

V7 Yj Yj J; earry the floor loads and also act as wind-bracing 


girders. The material for the walls may be solid brick 
or brick backing faced with stone or terra cotta. 


S 


Other varieties are shown in Figs. 67 and 68, 
illustrating the diversity of designs required for various 
architectural features. 
in Fig. 69. 
tion through wall. 


Sometimes the projecting wall requires additional 
support besides the girder. Such a condition is shown 
Fia. 69.—Spandrel sec- 
13. Lintels. 
13a. Architectural Requirements.—Lintels are the structural sup 
ports over windows, doors and other openings. They are composed of various 
shapes best adapted for the architectural design. Usually the lintels are sup- 


ported on the masonry walls but sometimes they are suspended from the spandrel 
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beams above, and sometimes, for large openings, are carried directly to the col- 
umns. The steel mullions, where required, are connected to the lintels. 
13. Kinds of Lintels.—Various kinds of lintels are shown in Fig. 70. 
Such lintels are supported on the walls. Almost any section can be used which 
has sufficient strength in bending and gives support to the material placed 
upon it. 
A section of a lintel and spandrel is shown in Fig. 71. 
14. Cornices. 
14a. Architectural Requirements.—The cornices of tall buildings 
may seem insignificant from the ground but are made of sufficiently large pro- 
jections to appear in correct proportion to the eye from 
the street level. The steel must be designed to support 
the material used in the cornice and resist the overturning 
moment of the dead weight. Generally terra cotta is 
used for the face material. Brick, hollow tile or both are 
required for the backing but open spaces are provided 
behind the cornices as far as possible to reduce the dead 
weight. Anchors, tie rods, and dowels are used to fasten 


emer 


Fic. 70.—Lintels. Fia. 71.—Spandrel sec- 
tion and lintel. 


the terra cotta to the steel. The steel contractor details his steel work to pro- 
vide holes and connections for all supports to the terra cotta or stone. 

14b. Supports for Cornices.—The two types of cornice supports 
illustrated are representative of practically all designs for carrying the weight 
of the projecting cornices—the bracket type, Fig. 72, and the kind using outlookers, 
Fig) 73: 
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Fig. 72.—Cornice supported by brackets. Fic. 73.—Cornice supported 

by outlookers. 

In Fig. 72, two I-beams and a channel carry the weight of the cornice directly 
to brackets riveted to the columns. The location of the steel is determined from 
the design of the terra cotta. Auxiliary angles are bracketed to the I-beam and 
channel for fastening the terra cotta facing. Anchors and tie rods are used for 
this purpose. 
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In Fig. 73, outlookers spaced from 2 to 4 ft. are riveted to supporting I-beams 
which are attached to the columns. In this case,‘ most of the weight of the 
cornice is carried by the I-beams, the projecting cornice being anchored to the 
outlookers. 

15. Roofs. 

16a. Design of Roofs.—Roofs are designed to suit different con- 
ditions. If the building is of maximum height and there is no anticipation of 
adding any stories in the future, the roof is designed to be permanent. In many 
cases, provision must be made for future stories, in which case the columns are 
designed heavy enough to carry the weight of the future floors and the temporary 
roof is designed level and as a future floor., The temporary roof covering is laid 
on a light concrete pitched for drainage. The ends of the columns are punched 
for the splices of future columns. The temporary members, such as cornice 
brackets and outlookers, are bolted in place for easy removal. 

The permanent roofs may be flat, of mansard shape, gabled shape or a com- 
bination of any of these. Flat roofs are probably used most, the roof framing 
beams being pitched for drainage. The designs for mansard and gabled roofs 
consist of trusses, girders, rafters, or hip and valley framing as required. Such 
designs are frequently quite complicated and the computations for length of 
members, elevations, location of holes for field rivets and angles of intersection 
are tedious to make. For structural work of this kind, there is always a possi- 
bility of the work not fitting accurately in the field. 

On hip and valley work, towers, domes, skylights, etc., when the framing is 
of light construction, fastenings called ‘Streeter clips’’ may be used to advantage. 
The clips are made of steel plates, about 1 in. in thickness, of various shapes 
and sizes for connecting different structural members together without the use 
of rivets or bolts. I-beams, channels, angles, tees or Z-bars are connected to 
rafters or other supports by bending the clips around the two pieces to be con- 
nected. In many cases, the use of Streeter clips saves time in the detailing of 
shop plans, eliminates the punching of many holes, facilitates the erection and 
lessens the chances for field errors. 

15). Drainage.—In all roof construction, the designer should be 
familiar with the system of drainage provided by the architects and arrange the 
steel work properly to provide drainage of the roof in accordance with this 
system. 

For flat roofs, the pitch of the roof is made up in the light concrete filling, the 
steel framing in the roof being level. This is particularly true when the roof is 
temporary and designed as a floor with provision made for the addition of future 
stories. Generally, though, for permanent roofs, the roof beams are framed to 
give a pitch of about 14 in. in 12 in. for drainage. The pitched surfaces thus 
formed are ‘‘warped”’ surfaces. 

For gable roofs, the steel framing must often be designed either to shape the 
gutters or provide supports for them. 

In hip and valley work, the framing forms the valleys which lead to the 
gutters and downspouts. The flashing of the side walls to sloping roofs may 
require special treatment in the steel design. 

The downspouts are usually placed alongside of the columns in vertical spaces 
inside of the fireproofing. For the columns containing pipe spaces, the beam con- 
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nections to the columns must give sufficient clearance for the downspouts and 
possibly other piping required for water, heat and electric wires. 

15c. Roof Coverings.—The kind of roof covering to be used depends 
upon the shape of the roof and conformity with the grade of materials used 
throughout the building. Naturally, if the most durable and expensive material 
is used for the building, the roof material will consistently be of the most durable 
and best grades. 

The kind of roof covering being determined, the engineer designs the roof 
framing to suit the roof covering both as regards strength and accommodations 
for support and fastening. Each class of roofing requires, usually, a different 
scheme of roof framing. 

It is not the intention to discuss in detail the various kinds or brands of roof 
coverings except insofar as the roof coverings affect the design of the steel fram- 
ing. For convenience, the roof coverings will be separated under two headings, 
“flat roof coverings” and ‘‘pitched roof coverings.” 


FLAT ROOF COVERINGS 


Reinforced Concrete, Hollow Tile-—The steel framing is designed similar to 
that required for floor construction to support the reinforced concrete or hollow 
tile. The top surface is waterproofed with waterproof cement, asphaltum, 
composition, ready roofing or tar and gravel. 

Cement Tile, Solid Terra Cotta Tile, Book Tile, Etc——Many grades of tile made 
of cement or clay are on the market. The manufacturers publish all the data 
pertaining to sizes and weights. The supports for the tiles, I-beams, channels, 
angles or tees must be spaced to conform to the commercial sizes of the tile. The 
cement tiles are manufactured with a glazed top surface and require no additional 
coating. The terra cotta tiles are covered with roof covering. 

Gypsum.—Various brands of tile are made using gypsum as the base. The 
steel supports are spaced to suit the commercial sizes. After the blocks are laid 
and the joints cemented, the gypsum is covered with waterproof materials. One 
of the qualities of gypsum is its heat resistance. 

Tar and Gravel.—This kind of roof covering may be applied on concrete, 
gypsum or tile but usually is laid on matched and grooved sheathing. The steel 
beams to support the sheathing are spaced according to the thickness of the 
sheathing. The sheathing is nailed to nailing strips which are bolted to the steel 
supports. 

Ready Roofing, Asphaltum, Tin, Sheet Steel, Copper and Canvas.—These vari- 
ous coverings may be laid on tile or concrete but usually matched and grooved 


sheathing is used. 


PITCHED ROOF COVERINGS 


Cement Tiles and Clay Tiles —The tiles are generally laid directly on the pur- 
lins which are spaced at proper distances apart to suit the commercial sizes. The 
smaller ornamental tiles are nailed to sheathing or nailing strips. These tiles 
are generally glazed and of the interlocking type. 

Corrugated Steel—Sometimes the corrugated steel is fastened directly to 
purlins but if a better roof capable of retaining the heat is desired, the corrugated 


steel is laid on sheathing. 
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Slate, Cedar, Asbestos, Asphaltum and Composition Shingles, Metal Tile and 
Ready Roofing.—There are many kinds of shingles and prepared roofing. These 
are generally laid on sheathing. 

16. Balcony Construction.—There are three ways of supporting balconies: 
(1) By posts under the balcony; (2) by suspending the balcony by means of tie rods 
hung from the floor above or from the roof; or (3) by the use of cantilever con- 
struction which does not require posts or tie rods. The latter method is 
customary as it is generally desired to have a large seating space without any 
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Iie. 74.—Plan of balcony construction. 


obstructions to mar the line of vision. This applies particularly to churches, 
theaters or any structure containing assembly halls. 

Every problem calling for balcony construction is treated differently as the 
design depends upon the distance between the walls of the auditorium, projection 
of the baleony and the head room under the balcony. 

The design selected to illustrate baleony construction was taken from the 
Orpheum Theater at Seattle, Washington. The building is about 1380 ft. long 
by 78 ft. wide, containing basement, main floor, main balcony and fly balcony. 
The seats in the main floor and two balconies are arranged circular in plan and in 
successive tiers. 

A plan of the main balcony is shown in Fig. 74. A large truss near the 
middle of the auditorium supports the cantilever girders which are inclined to give 
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the proper rise for the tiers of seats. The design shows the cantilever girders laid 
out on radial lines but the more modern practice is to design the cantilever girders 
parallel to each other. The two short girders on each side of the baleony which 
are not supported by the truss are carried by framing from the adjacent cantilever 
girder to the side walls. Circular fascia girders connect to the ends of the can- 
tilever girders to which the ornamentation attaches. Reinforced concrete is 
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Section B-B 
Fic. 75.—Balcony truss. 


laid between the girders similar to a stairs on which the finished floor rests. A 
ceiling is fastened to the underside of the cantilever girders concealing the struc- 
tural work. 

A large truss, Fig. 75, spans the entire width of the building and is supported 
by columns in the side walls. Seven cantilever girders are carried by the truss. 
The top and bottom connections to the cantilever girders are shown in the figure. 


Section A-A 
Fia. 76.—Cantilever girder for balcony. 


The connections are computed at different elevations to receive the girders so 
that each circular tier of seats is horizontal. 

The cantilever girders, Fig. 76, are spliced at the truss connection to facilitate 
erection. Each girder, therefore, is shipped in two pieces. The tail ends of 
these girders are supported by columns in the front wall. The connection of the 
girders to these columns must provide for a possible uplift to counterbalance the 
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live load weight on the cantilever. The girder splice is designed to develop 
the large bending moment and shear. 

17. Skylight Construction.—There are many varieties of designs for skylight 
construction varying with the different conditions of size and location. One type 


Fig. 77.— Court skylight framing. 


of skylight is illustrated. The selection made was considered representative of 
good construction and typical of court skylights. The design was taken from the 
court skylight at the third floor level, Illinois Merchants’ Bank Building, Chicago. 

One-half of the framing plan is shown in Fig. 77. Supporting girders with 
spans of 55 ft. 7 in. connect to the columns on each side of the court. The glass 


Section B-B 
Fig. 78.—Sections through skylight framing. 


portion in the center (about 30 ft. wide by 170 ft. long) is separated from the 
remainder of the roof by 10-in. I-beams. The part of the roof on each side of the 
skylight is about 12 ft. wide and constructed of light tile. A screen is placed over 
the skylight supported by a raised framework of steel. Section A-A in Fig. 78 
shows a cross-section indicating the supporting girders, skylight construction, 
and framework for the screen. The skylight as viewed from below is arched for 
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the architectural effect. Section B-B in the same figure is a longitudinal section 
showing the skylight construction and supporting girders. 

18. Towers.—There are many types of towers, varying in shape and height, 
but they are all similar as far as the computations for stresses are concerned. 
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Fic. 79.—Section through tower. Fig. 80.—Half plan and section of 
tower. 


Naturally the design of the bracing is the most important feature in a structural 
tower. The tower is figured as a cantilever above the roof line, the wind stresses 
being carried down the building to the foundations. 

The design illustrated in Figs. 79, 80 and 81 is that of a tower on one of the 
Western Electric Company’s buildings at Hawthorne, Illinois, a suburb of 
Chicago. It is somewhat unusual in tower construc- 
tion, containing, as it does, a water tank, a spiral 
stairway and a movable flag pole. 

The top of the tower, exclusive of the flag pole, is 
about 94 ft. above the roof line. It is square in cross- 
section, horizontally, has vertical sides for a height of 
31 ft. 8 in. above the roof line and is then of 
pyramidal shape to the apex. The lower part is 
brick and terra cotta. The pyramidal portion is 
made of a cinder concrete covered with tile. The r Lee 
‘ ; 1a. 81.—Section of tower 
apex is crowned with a copper finial from which the din 
flag pole rises. 

The tower is about 48 ft. square for the lower part. At the eighth floor level 
inside of the tower are girders and I-beams supporting a water tank. This 
construction is shown in Fig. 79. Surrounding the tank is a spiral stairway which 
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is continued above the tank in short flights extending to a point near the apex. 
The flag pole is arranged so that it can be lowered into the tower for repainting. 

Figure 80 is a half plan of the tower framing and a section B-B showing the 
bracing provided at the tops of the columns 31 ft. 8 in. above the roof level. 

Figure 81 shows a section of one of the tower columns. It is composed of an 
8-in. H-column and two 8-in. channels. One of the channels is riveted to the 
flange of the H-column and the other is connected to the H-column with lug 
angles. As will be apparent from the sketch, the 8-in. channels are placed in the 
planes of the pyramidal sides to provide framing for the walls of the tower shown 
in Fig. 79. 

19. Interior Steel Stacks.—Outside stacks for buildings are rarely used as they 
require considerable expense for maintenance and architecturally can never 


View A-A 


Pin floor 
Fie. 82.—Self-supporting stack. 


harmonize with the surrounding buildings. However, if one heating plant is 
used for two or more buildings or for any other reason, an outside stack may be 
advisable. The vast majority of the stacks for buildings classed as office buildings 
are interior stacks. This discussion will be limited to stacks of this class. 

The building codes under which the interior stacks are designed are generally 
explicit in regard to fire insulation, size of section and amount of projection 
above the roof. As the stacks are fully protected from wind, they are designed 
for the dead load only—that is, the weight of the steel and fireproof lining. 

The size of the stack in cross-section will vary according to the radiation to 
be provided for. The usual sizes of stacks for tall buildings are from 4 to 8 ft. in 
diameter. Sizes, though, as small as 2 ft. 6 in. in diameter have been used and 
as large as 6 ft. 8 in. by 10 ft. 8 in., oval shape. 

Interior stacks are made either self-supporting or in sections supported by 
alternate floors. 

19a. Self-supporting Stacks.—The self-supporting stacks rest and 
are supported generally on grillage or cast bases set in concrete. The elevation 
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of the base will, of course, depend upon the location of the boiler room. In 

some cases, the bottom of the stack has been carried as low as the third basement. 

aa may even be conditions where the base is carried directly on the first 
oor. 

The side movement of the stack is taken care of by bracing placed usually at 
alternate floors. This bracing is very simple, consisting of abutting angles 
connected to the adjoining floor beams but not connected to the stack so that the 
latter is free to expand and contract independently of the building itself. 

For simple fabrication, the vertical shop splices preferably are made butt 
joints and the horizontal splices lap joints. The plates forming each shipping 
section are made as large as the shop facilities will permit to save handling of 
material, punching and riveting. 
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Fig. 83.—Stack supported at alternate floor levels. 


The shipping sections are conveniently made in two story lengths for handling 
and hauling through city streets. The field splices are made of flange angles with 
the outstanding legs turned out so that the field rivets or bolts can be placed out- 
side of the stack. Figure 82 is a drawing of a self-supporting stack. 

19b. Stacks Supported by Floors.—Some designers prefer to use a 
stack supported at alternate floor levels. The supports commonly consist of 
brackets riveted to the stack and resting upon floor beams located conveniently 
for this purpose. Figure 83 shows a design of this type of stack. 

An expansion joint is provided at each section and is made of a horizontal 
splice plate which is riveted to the lower end of the section and surrounds but does 
not connect to the lower section—thus, the expansion at each joint is the increase 
in length for one section. 

Compared with a self-supporting stack, the stack supported at alternate floors 
contains less steel as the plates and connections are only computed for the dead 
load of one section which is equal in length to two stories. 
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This kind of stack has other advantages. The erection of the stack may be 
started at any floor level and no field riveting or bolting is required except for the 
bracket connections. 

19c. Lining, Breeching, Etc.—Asbestos lining is usually provided 
inside of the stack to prevent excessive heating of the steel. The lining is about 
2 in. in thickness and extends part way up the stack or for the entire height. The 
lining is supported by shelf angles spaced about 3 ft. apart. Angles 2! « 144 X 
14 in. are often used for this purpose, the 114-in. legs supporting the asbestos. 
Holes vertically over each other are punched in these legs to receive the dowels 
which hold the asbestos in place. The joints between the asbestos slabs are 
plastered, making the lining continuous. 


Fig. 84.—Stack hood at roof level. 


The breeching is designed to meet the requirements of the heating contractor. 
Naturally the heating contractor determines the elevation and size of the breech- 
ing. Generally the breeching consists of a rectangular or square opening to the 
stack made of plates and angles riveted to the stack. 

A clean-out door is placed near the base of the stack large enough to permit 
the entrance of aman. The door is made of a steel plate or cast-iron. 

At the roof level, the stack cannot be rigidly connected to the roof on account 
of the expansion. <A design of a hood is shown in Fig. 84 which is riveted to the 
stack directly above the roof and prevents the entrance of rain water. 


STEEL MILL BUILDINGS 


20. Mill Building Construction. 
20a. Special Features.—The design of mill buildings has undergone 
a change in recent years, due to certain features which have been added to mill 
building construction—namely, steel sash, safety requirements, ete. 
20b. Steel Sash.—Steel sash for windows are now extensively used 
in mill building design and have taken the place of wooden sash almost exclu- 
sively in high grade mill buildings, the main reason being due to the fact that they 
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are fireproof. The wooden sash requires a wooden frame to receive it, and this 
frame takes up so much space it excludes a great amount of light. The modern 
steel sash, requiring no other frame than the steel frame of the building, to which 
it is directly connected, has a great advantage over the wooden sash in the 
amount of light excluded. This same feature also holds true on Monitor skylight 
construction. 

20c. Safety Requirements.—Provisions for the safety of the work- 
man are receiving more attention at the present time than in former years from 
both the designer and those in charge of industrial establishments. Below will 
be found a few of the general rules established by the Committee of Safety of the 
United States Steel Corp. as given in their pamphlet “General Requirements 
for Safety Pertaining to Physical Condition.” 


New plants and mills should be planned so that there will be safe and convenient routes 
from plant entrances to places of work, bearing in mind future installations. 

In the construction of buildings and designing and placing of machinery, the safety of 
the workman is equally as important as the production of the machine and economy of its 
operation. Leave ample clearance and provide passage ways for traffic and escape. 

Standard clearances at least should be provided from railroad tracks. 

Overhead walks or subways should be provided, if practicable, where tracks are usually 
blocked by cars, shop buggies, etc. 

A walk running parallel with crane runway should be placed on all buildings wherever 
practical. ' 

Lighting and ventilating buildings should be carefully considered, remembering that 
adverse weather conditions may require the compiete enclosure of the building. 

Sanitary installations should be provided at the time plans are made for new buildings. 


21. Types of Buildings.—In determining the type of mill building to be used, 
there are a number of features which must be given careful consideration. 

The amount of floor space required, the size of machinery to be installed, and 
the route the product is to take through the building will necessarily determine 
the size of building and also to a certain extent its shape—that is, these factors will 
determine whether the building will be one bay in width, or one bay with lean-to 
on one or both sides, or possibly two or three wide bays. 

The weight and length of the material to be handled and the overhead clear- 
ance required for handling it will have an important bearing on the type of build- 
ing to be used. 

The arrangement of machines and material tracks with relation to overhead 
cranes must be given careful consideration to allow the material to be handled 
economically. 

One of the most important features of a modern mill building is the arrange- 
ment of the windows and skylights to give the maximum amount of light, well 
distributed. For example, in a machine shop where precision measuring tools are 
used constantly at the machine, the light should be so distributed as to cast the 
minimum amount of shadows to allow these tools to be easily read by the work- 
man. A notable example of a modern machine shop with the light well distrib- 
uted is shown in Figs. 89 and 91. 

The drainage of the roof of a building, especially a building with saw-tooth roof 
construction covering a large floor space, is often a difficult problem. If the floor 
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is covered with concrete or wood block, the roof should be drained to the outer 
walls and down spouts carried down outside of the building to prevent tearing up 
the floor in case the drains should become clogged. 

If the roof covers too large an area to get the proper slope for draining to the 
outer walls, it should then be drained both toward the outer walls and toward the 
center of the building and for that portion drained toward the center, the down 
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c 6 A 
Cross Section of Boiler Shop 
Fia. 85.—Locomotive boiler shop. Roof and column bracing. 


Erecting Bay Machine Bay 


Fie. 86.—Section through locomotive boiler shop. 


spout should be brought down inside the building and be carried along the roof 
trusses to the outside of the outer walls, then down outside of the building (see 
Fig. 95). 

In cases where dirt floors are used it may simplify the roof construction to 
bring the down spouts down the columns near the center of the building and pro- 
vide underground drainage to the outer walls of the building, thence to the sewer. 


J 
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All of the features mentioned must be given careful consideration before the 
type of building to be used is finally determined. 

The building shown in Figs. 85 and 86 is an assembling plant for a locomotive 
boiler shop. It consists of an erecting bay and a machine bay and is 418 ft. long. 

The erecting bay measures 81 ft. center to center of columns and is spanned by 
a two-trolley crane of 150-ton capacity, which travels on 175-lb. Lorain Steel 
Company’s heavy crane rails (see Fig. 102) for the full length of the building. 
The columns carrying the crane girders and roof trusses are spaced 22-ft. centers. 
There is a clear height under the roof trusses of 44 ft. above the floor line. The 
slope of the roof is 34 in.in 12in. The roof is made up of 15-in. plank laid trans- 
versely with the building, resting on channel 
purlins; on top of this planking is a layer of 
7g-in. tongued and grooved sheathing laid 
diagonally, on top of which is a composition 
roofing. The light for this bay is furnished 
through steel sash windows which extend full 
height of the outside wall (see Fig. 87) and 
through the steel sash skylight over the 
adjoining bay. 

The machine bay is 56 ft. 614 in. center to 
center of columns and has a 15-ton crane 
running full length of the building. The 


Section of 
‘A-A’ Elevation = 
Fia. 87.—Locomotive boiler shop. Fic. 88.—Section through skylight. 
Outside elevation showing windows 
and doors in side wall. 


crane is carried on 60-lb. A.S.C.E. rails. There is a row of 314-ton jib cranes 
down each side of this bay, connected directly to the columns. The columns 
carrying the crane girders and roof trusses are spaced 22 ft, centers, the same as 
in the erecting bay. 

The clear height under the roof trusses is 35 ft. above the floor line. The roof 
has a slope of 34 in. in 12 in. and the covering for that portion of the roof not 
covered by skylight is the same as used over the erecting bay. 

There is a triangular-shaped skylight (see Fig. 88) running transversely with 
the building, over each panel of the machine bay except one panel at each end 
of the building. This skylight is 32 ft. in length, extending from the center line 
of columns (where it joins the roof over the erecting bay) toward the outside of 
the building. The frame is made up of angles having a slope of 55 deg. with the 
roof. This angle frame carries two lines of Z-bars and one line of angle purlins 
on each side of the skylight to which the steel sash is directly connected. The 
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Fria. 89.—Machine shop. 


Plan of skylights and roof bracing. 
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Fic. 90.—Longitudinal and transverse sections through machine shop shown in Fig. 91 
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_ top row of sash on each side of the skylight is top hung sash 4 ft. in height and 


may be opened for ventilation. The bottom row is fixed. 

Figures 89, 90 and 91 show a building which is similar in construction to the 
building shown in Figs. 85 and 86 except that a skylight is furnished over the wide 
center panel. The building shown in these three figures is a three bay machine 
shop 320 ft. long by 168 ft. 414 in. center to center of outside columns, and was 
designed for heavy machine shop work. The largest machine in this building is 
an 80-in. lathe which is designed to swing a piece 60 ft. in length. The center bay 
is 84 ft. 14 in. center to center of columns and is spanned by a 30-ton crane which 
travels full length of the building on 80-lb. rails. The two outside bays are each 
42 ft. 2 in. center to center of columns and are spanned by a 10-ton crane running 
on 60-lb. rails and traveling full length of the bay. The outside rows of columns 
are spaced 20 ft. center to center, while the col- 
umns on the two inside rows are spaced 40 ft. 
center to center to allow more clear floor space. 
The roof is made up of 1!4-in. tongued and 
grooved sheathing, covered by a composition 
roofing, and has a slope of 1 in. in 12in. The 
roof is supported by channel purlins. 

The light for this building is furnished by win- 
dows in the outer walls, and skylights which are 
spaced 20 ft. center to center for the full length 
of the building. They run transversely acrossthe * 
building 62 ft. each way from the center line of ‘g 
the center bay, making the skylight 124 ft. in 
length. The construction of the skylights is 
similar to that shown in Fig. 88. There are two 
rows of steel sash windows in the outside walls, 
running completely around the buildings, each 
being 10 ft. 734 in. deep, as shown in Fig. 92, which 
covers a section through the two outer rows of 
columns. 

In Figs. 93 and 94 are shown sections through 
a three bay machine shop which has beendesigned _—_ Fig. 92.—Section through outer 
to handle heavy work in the center bay, and light ae o cs me rg shown in 
work in the lean-to bays. This building is 116 ft. “""” obec | is: 
center to center of outside columns in width by 612 ft. in length. 

The center bay is 63 ft. 514 in. center to center of columns and is spanned by a 
50-ton crane, with the crane runway carrying 70-lb. rails, running full length of 
the building. There is a lean-to bay on each side of the main bay, each being 
26 ft. 314 in. center to center of columns. There are two crane runways running 
full length of each lean-to on which are operated revolving cranes of 2-ton capac- 
ity. The crane runways for these 2-ton revolving cranes are shown, in detail, 
in Fig. 93. 

Light is furnished through one row of windows in each outside wall of the lean- 
tos, and one row of windows in the interior wall, between top of the lean-to roof 
and the eave of the roof over the center bay. There is also a skylight covered 
with 14-in. ribbed wire glass over the two center panels of the main roof truss, this 
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Fig. 93.—Machine shop lean-to. Showing revolving jib crane. 
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Fie. 94.—Machine shop. Cross-section. 
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skylight being in the same plane as the roof. The roof over both the main bay 
and the lean-to is 14 pitch and is covered with No. 18 gage corrugated steel laid 
on 7-in. tongued and grooved boards, supported on channel purlins. 

Figure 95 covers sections through the punching and assembling departments 
of one unit of a structural steel fabricating shop. (See p. 704, Vol. 65, Eng. 
News-Record for complete layout of this plant.) 
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Fie. 95.—Structural steel iaivielaia shop. Transverse section through punching and 
assembling departments. 


The building is 283 ft. 4 in. in width by 700 ft. in length. The three bays are 
each 66 ft. 8 in. center to center of columns with a 41 ft. 8 in. lean-to on each side 
of the main bays. 

There are two lines of 10-ton hoists in each 100-ft. longitudinal panel of the 
main bays (see Fig. 96) running transversely across the buildings, and the sup- 
ports for these hoists are arranged so they may travel full width of the three 66-ft. 
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Fic. 96.—Structural steel fabricating shop. Longitudinal section through punching and 
assembling departments. 


8-in. bays (except over the girder assembling bay where 80-ton hoists of similar 
design and arrangement are used). 

In the lean-to there is a 10-ton crane traveling on 60-Ib. rails, with 2-ton jib 
cranes connected to the columns in the outside walls. 

All material during the course of fabrication travels from south to north and is 
handled longitudinally through the building on narrow gage tracks which slope / 
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ft. down from south to north in the length of the building. All material in the 
main bays is handled transversely across the building by the hoists as there are 
no tracks in this direction. 

404,00 This building receives light through two rows 
of windows in each of the outside walls of the 
teantotvss —_ ean-tos (see Fig. 97) and through the saw-tooth 
skylight roof construction (see Fig. 98) over the 
main bays. 

The saw-tooth skylight truss has a span of 20 
ft., making five skylights to each 100-ft. longitu- 
dinal bay (see Fig. 96) and the skylights run com- 
pletely across the three 66-ft. 8-in. bays. There 
are three 30-in. tubular ventilators in each skylight, 
one in each of the 66-ft. 8-in. bays. 

The roof of the southern slope of the saw-tooth 
skylight is made up of 114-in. tongued and grooved 
plank, covered with No. 18 gage corrugated steel. 
This roof is supported on the top chord of the saw- 
tooth truss on which is laid a 2-in. nailing strip for 
fastening the roof planking. The skylight in the 
north slope of the saw-tooth is 6 ft. 7 in. deep and 
Fic. 97.—Section through 38 made of }4-in. ribbed glass supported in a wood 

lean-to wall. See Fig. 95. frame. The saw-tooth trusses are spaced 10-ft. 

centers. There is a window cleaning walkway 

full length of each skylight, being supported on the bottom chord of the saw- 
tooth trusses. 

The roof over the lean-tos is made up of 114-in. tongued and grooved plank 
on which is laid No. 18 gage corrugated steel. 
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Fia. 98.—Section through saw-tooth skylight. 


22. Columns. 
22a. Types of Columns.—In designing a mill building column there 
are a number of things which must be considered before the type of column to be 
used is finally determined. 
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The length of the column and the loads it will carry are of course the main 
features in determining the make-up of the section of the column to be used. 
However, in determining this section, a type should be chosen that will allow good 
design to be used for the connections of the crane girders, crane girder bracing, 
roof trusses, window framing, wind bracing, etc. The following are a few of the 
sections which have been used for the main columns of mill buildings. 


The plate and 4-angle column, shown in Fig. 97, is the most common 
type used for light mill building columns. 

The T-shaped column section, shown in Fig. 99, is composed of a web plate 
and 4 angles for the stem of the “T” and to one flange of this is riveted 
another I-shaped section made of a web plate and 4 angles. If additional 
section is required, cover plates, or, as is sometimes done, a channel or I-beam 
may be riveted to flanges of these I-shaped sections. This makes an efficient 
column from the point of design and is simple to fabricate. 
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Fig. 99.—T-Shape column, base Fie. 100.—Column composed of two 
and anchorage. I-beams with diaphragm on cast-steel base. 


The column shown in Fig. 100 is made up of a diaphragm, composed of a 
web plate and 4 angles, running full length of the column, to the flanges of 
which are riveted either an I-beam or a channel. This type of column was 
used for the 3 main bays for the building shown in Fig. 95. 


22b. Column Bases.—Figures 97, 99 and 100 show designs of col- 
umn bases used on buildings described in previous articles, those shown in Figs. 
99 and 100 being designed to take uplift. 

The base shown in Fig. 99 is very simple from a fabricating point of view. 
The plates through which the anchor bolts pass are bent “‘U”’ plates extending to 
the finished face at the bottom of the column and are finished on top before they 
are fitted to the column. The angle lug at top of this ‘‘U” plate, through which 
the anchor bolt passes, is brought to a bearing on the “U” plate before this 
material is riveted up in the shop. After riveting, the entire face of the column, 
including the bent ‘‘U”’ plates, is milled, thus insuring the proper bearing of the 
“U” plates on the slab. 
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The proper distribution of the column load over the masonry is provided for 
by placing a loose forged or cast-steel slab under the column instead of a cast 
pedestal. To set this slab, the masonry is brought up to within about 6 in. of 
the underside of the slab, then the slab is placed on narrow shims and set to the 
proper location and elevation, and grouted in place, large holes being provided 
in the slabs for pouring the grout. After the concrete is thoroughly set the erec- 
tion of the columns may go forward without the usual delay due to shimming and 
leveling columns as experienced where the old method of grouting under the col- 
umns was used. 

The column base shown in Fig. 100 is simple in design, as the number of detail 
pieces making up this base are very few. The uplift is carried to the anchor 
bolts through a horizontal plate washer bearing on top of a vertical plate bent in 


Section Through Crane Section Through Crone 
Girder and Rail Girder ond Rail 
Fre. 101.—Section through crane girder Fig. 102.—Section through crane girder 
and rail. and rail. 


a ‘Z”’ shape, which plate is riveted to the column through the two flanges of the 
“7.” This detail allows the ‘Z”’ plates to be milled at the same operation as 
the milling of the main material of the column, thereby insuring a perfect bearing 
on the casting supporting the column. 

22c. Crane Girder Seats.—The support for crane girders is usually 
taken care of by stopping one pair of flange angles of the main column section 
just below the bottom flange of the crane girder, as shown in Figs. 92, 101 and 
102, although for light crane loads a bracket is sometimes riveted to the face of 
the column for supporting crane girders. 

Where the crane girders rest on top of the column, the load from the crane 
girder is carried directly into the milled end of the column, and care should be 
taken to see that the end stiffeners on the crane girders are directly over either 
the main material on the column or stiffeners which have been added to the 
column for carrying this load. 

If this is not possible, then a slab should be placed between the crane girder 
and the top of the column to distribute this load properly. : 

22d. Truss Connections to Columns.—Figures 103, 104 and 105 
show the design of connections which are used for connecting roof trusses to 
columns, 
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The design shown in Fig. 104 should be used for light work only. 
Figures 103 and 105 show the designs which are generally used for heavy work, 
as they give a much more rigid connection, and are capable of transmitting wind 


Fig. 105.—Roof truss details. 


stresses better than the connection shown in Fig. 104. However, the design in 
Fig. 104 will give much easier erection than those shown in Figs. 103 and 105. 


23. Roof Trusses. 
23a. Form of Trusses.—The form of a roof truss is generally deter- 


mined by the facilities furnished for lighting and by the kind of roof covering used, 
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For a gravel and tar roof, composition roof, or a tin roof with joints soldered, a 
very flat slope may be used, generally a slope about 34 in.in 12in. For a corru- * 
gated steel roof, the slope of the roof should preferably be 14 pitch with a mini- 
mum of 4 pitch. For a slate or tile roof the slope should not be greater than 14 
pitch and preferably not less than 14. Figures 94, 95 and 98 show trusses 
designed for carrying corrugated steel roofs, while Figs. 86 and 91 show trusses on 
which a tar and gravel or a composition roof may be laid. 

23b. Truss Details.—In determining the details of roof trusses, 
especially in cases of large duplication, care should be used to see that these details 
are as simple as possible. The use of an excessive number of small detail pieces 
should be avoided, for as a general rule the fewer number of pieces used in a 
connection, the more direct the stresses will be carried through this connection. 
The use of unnecessary lugs and cuts on plates and angles should also be 
avoided. 

In splicing main members care should be taken to see that each component 
part of the member is spliced direct, and that no portion of the splice material 
is overstressed. 

For the field connections, due consideration must be given the erector to see 
that the connections as designed will allow easy erection without an excessive 
number of field rivets. 

The clips on the top chords of the roof trusses should be permanently bolted 
to the trusses in the shop. As the purlins are usually bolted to the clips in the 
field there is no reason why these clips should not be bolted to the trusses. 

Figures 103, 104 and 105 show some truss details which have been used on 
mill building work, and which are typical of modern practice. These details 
are simple in design and allow for easy erection. 

24. Crane Girders.—Crane girders are generally made up of either I-beams, 
or girders built up of a plate and 4 angles. In cases where girders are used for 
heavy crane loads the top edge of the web plate should be edge planed and flange 
angles set 1(¢ in. below the planed edge of the web plate to insure the crane load 
going directly into the web plate and not being carried through the flange rivets. 
This will prevent the flange rivets from becoming loose due to the constant ham- 
mer and vibration from the crane. 

Lateral forces applied to the crane girder from the crane must be provided for. 
This can be done for light loads by either a wide cover plate or a channel riveted 
to the top flange of the crane girder (see Figs. 92 and 101). For heavy loads a 
horizontal girder will be necessary, running full length of, and connecting directly 
to the top flange of the crane girder, and connecting to the column at each end 
of the crane girder. The outside flange of this horizontal girder may also be used 
as a girt for carrying the side wall covering (see Fig. 102). 

The crane girders should preferably be riveted to the columns and not bolted, 
except at the expansion points where bolts will necessarily be used. When bolts 
are necessary, they should be provided with castle nuts and split keys to prevent 
nuts from becoming loose on the bolts due to the vibration of the crane. 

When the crane girder is not.connected to the column by means of a hori- 
zontal girder, a connection should be provided to the column either by a hori- 
zontal connection in the plane of the top flange of the crane girder (see Fig. 101) 
or by a vertical connection between the end stiffeners of the crane girder and the 
main material of the roof column, 
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25. Crane Rails, Fastenings and Crane Stops. 

25a. Rails.—In determining the size of crane rails for mill building 
crane runways, the designer should be careful to specify a size of rail that will be 
readily obtained from the mill. Usually the amount of tonnage involved for 
crane runway rails is small, and, if a section is not specified which is in common 
use, there will probably be a delay in securing these rails from the mill. If 
medium weight rails are desired, it is advisable to use either Standard A.S.C.E. or 
A.R.A. sections. If a heavy section is required, the Lorain Steel Company’s 
175-lb. rail, especially designed for heavy crane service, may be used. 

To prevent creeping, the rail runs should be bolted or riveted to the crane 
girders at the center of each run with two or more bolts or rivets. This will leave 
the ends of the rail run free to move in either direction, but will prevent move- 
ment of the entire line as a unit. Standard angle splice bars should be used for 
splicing the rails of all crane runways. 

Rails resting on girders should be fastened with either one or two bolt rail 
clips, and those resting on I-beams should 
be fastened by means of hook bolts pass- 
ing through the webs of the rails and 
hooking over the flange of the I-beam. 

25b. Rail Clips——The func- 
tions of rail clips are: (1) To hold the 
rail against sidewise movement after 
alignment, and (2) to prevent the rail 
from overturning due to the action of 
lateral forces. 

In performing these functions, the 
clip must allow a certain freedom of 
longitudinal movement of the rail to 
take care of temperature changes and 
the elongation of the rail, due to the 
rolling action of the crane wheels. The 
clips must also permit of transverse 
adjustment for alignment of the rails. 

Due to the longitudinal movement 
of the rails, single bolt clips, clamped to 
the rail, are not satisfactory on long 
runways, as the clips turn on the bolts. 
In certain instances, under observation, 
the clips turned in such a way as to be 
practically useless until again adjusted. 

The following rules should be observed when designing rail clips: One bolt 
connections are limited to runways for cranes up to 25 ton capacity; above 25 tons, 
two bolt connections should always be used. 

Two bolt clips should be spaced about 3 ft. opposite. Single bolt clips should 
be spaced about 2 ft. 6 in. opposite. 

Figure 106 shows two types of rail clips commonly used. The clip marked 
““A-1” is recommended for general use, as it will fulfill all requirements and has 
several advantages over the other type. As can be seen, this clip is also much 
cheaper to manufacture than the other clip. 


Type A-1 Bolt 
¢ adjustment 


TypeA-2 Bolts 
Fie. 106.—Rail clips. 
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25c. Fastenings for Heavy Crane Rails.—Figure 102 shows a type 
of rail fastening for use with the 175-lb. Lorain Steel Co.’s crane rail. This 
detail consists of an angle lug on each side of the rail with a cast-iron separator 
block between the web of the rail and the lug angles. There should be 14 to 34- 
in. space between the separator blocks and the lug angles, and thin shim plates 
provided for this space to allow for sidewise adjustment of the crane rails. 

The angle lugs and cast separator blocks should be long enough to take two 
bolts, and should be spaced 2 ft. 6 in. to 3-ft. centers. 

Angles running full length of the crane girder may be used, if preferred, instead 
of the lug angles, and these angles used as part of the top flange section of the 
crane girders. 

25d. Crane Stops.—Provision should be made at each end of each 
line of crane runway rails to stop the crane. This may be taken care of by a crane 
stop fastened either to the crane girder or beam or to the crane rail. 


Fig. 107.—Crane stops. 


At times, one end of the crane will creep ahead of the other end due to inac- 
curacies in the end truck wheels, causing the wheels to bind in the journal boxes. 
When this occurs, the crane operator is liable to square up his crane by bumping 
it against the crane stops. For this reason, crane stops should be made heavy and 
securely fastened. 

It is preferable that the crane stops be fastened to the crane girder and not to 
the rails themselves, as the impact of the crane against the stop will cause the rails 
to creep if stops are fastened direct to rails. To provide for expansion, the rails 
must be cut a few inches in front of the stops or the crane stops designed to allow 
the rails to pass through them. 

Figure 107 shows 4 types of crane stops in general use. Type “A” shows a 
stop, made of structural plates riveted together, which fastens directly to the 
web of the rail with blots. This type is used mostly where the crane rails are 
carried on I-beams, where the top flange of the I-beam is not wide enough to allow 
the stop to be connected directly to it. 

Type ‘‘B” shows a stop made up of structural plates similar to type ‘A”’ 
except the plates are bent around the rail and connected to the flange of the crane 
runway girder. This stop is a decided improvement over type ‘“‘A”’ in that it 
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does not connect directly to the rail, thus preventing endwise movement of the 
rail when the crane strikes the stop. 

Type “C” is the detail of a cast-steel stop with a hardwood bumping block 
inserted. It is connected directly to the flange of the girder and allows the rail 
free movement through the stop. 

Type “D” shows a cast-steel stop riveted to the top flange of a crane girder 
on which the top flange is not wide enough to allow an opening in the stop large 
enough to allow the rail to pass through. In using this design the rail must be 
cut a few inches short of the crane stop to allow for expansion and creeping of the 
crane runway rail. 

26. Bracing.—The bracing of a mill building should preferably be made of 
stiff members, avoiding the use of rods where possible as the rods are liable to work 
loose if there is any vibration in the building. It is also difficult to maintain the 
rods in proper adjustment. 


Fie. 108.—Purlins. 

Stiff lateral members are generally made of single angles, or two angles riveted 
back to back. If the lateral is very long, it may be necessary to use either two or 
four angles laced to give greater depth to the members to avoid sagging. 

Figures 85, 89, 90 and 98 show roof and column bracing for various types of 
construction. 

Field connections for bracing may be bolted, except for very high buildings or 
for cases where the bracing receives excessive vibration, where it should be 
riveted. 

27. Purlins and Girts. 

27a. Purlins.—Purlins are usually made of channels, angles, zees 
or I-beams and connection to the top chord of the roof truss is made by means of 
an angle clip (see Fig. 108). The connection of the purlin to the angle and the 
angle to the roof truss should be bolted. The connection angles should be below 
the purlins where possible, since this provides for easy erection, as it gives the 
erector a shelf to rest his purlin against while he is distributing and connecting 
them. 

In cases where the roof trusses are spaced too far apart to use channel or 
I-beam purlins it will be necessary to truss these members to carry the roof load. 
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It is sometimes necessary to provide 34-in. diameter rods through the web of 
the purlins to prevent sagging, the ridge purlin being made heavy enough to take 
care of this load. 

27). Girts.—Girts are generally made of a single channel or angle 
when the side walls are covered with corrugated steel, except where the girt may 
also act as a strut for the bracing. For this condition the girt may be made of a 
built-up section, several of which are shown in Fig. 109. 

In cases where the girts support steel sash windows, the section of the girt 

must be made to accommodate the type 


of window used. 
In Fig. 102 the girt is designed to 
carry the steel sash and also act as flange 


section for the horizontal girder, support- 
ing the top flange of the adjacent crane 
girder. 

Where wood sash windows are used 
with corrugated steel side walls between 


aM the windows, a channel girt laid with the 
al web horizontal is generally used, the wood 
window frame being supported on. the 


web of the channel girt (see Fig. 97). 

Sag rods (34-in. rounds) will be required 
to keep the single channel or angle girts 
from sagging when the panel length is 


greater than about 12 ft., sag rods to extend 
up to the eave strut which should be made. 
heavy enough to take this extra load. 

28. Stairs, Platforms, Railings and 
Ladders.—Modern safety requirements for 


large industrial establishments are very 
rigid. Designers of mill buildings should 
see that the workmen are properly safeguarded by the installation of the 
necessary stairways, platforms, railings and ladders. 

These features should be taken care of in the original design of the building 
and not be added as an afterthought, as considerable delay and expense may be 
caused to the builders if the work is well advanced when these features are added. 

The United States Steel Corp. is governed by the following general rules in 
the design of stairs, platforms, railings and ladders. In looking over these rules. 


the designer will realize the importance this large corporation attaches to these 
safety features for its workmen: 


Fie. 109.—Girts. 


Platforms and Walkways.—Platforms and walkways should be provided wherever 
regular duties require an employee to ascend to, or go into, places where injury could result 
from falls or contact with moving parts or other objects. Platforms or walkways should be 
reached by stairways or stationary ladders; preferably stairways. 

Railings and Toe-boards. (1) General—Railings should preferably be of structural 
steel shapes, although in the better class of buildings, such as power houses and machine 
shops, pipe railings may be used where not exposed to moisture or gases. Wood railings 
should not be used except to afford temporary protection. 
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(2) Railings and Toe-boards for Platforms and Walkways.—Railings should be 42 in. in 
height and provided with an intermediate rail between the top rail and the floor. 
Dimensions of various types of railings should be not less than the following: 


SrructTurRAL STEEL SHAPES 


ALOD PAL ant aa sits sofia ies the Sie cate 3 x24 X %¢-in. angle. 
PSSPACIAECIALG TAL ns .ct.65.u-j0)e19 650 >.< ais '« 2146 X2 X %e-in. angle. 

Ror Pee OR te i Para a eae 2146 x 216 xX 3-in. angle. 

{MTS Saige Reet Rae Siete eae Saal Se enka 6 in. high—6 X 3 X 54¢-in. angle. 
SERENITY 200 th ee" 1: A ee te not more than 8 ft. apart. 


Pier CONSTRUCTION 

“IAG awash ae ech Sime Special fittings for railings. Preferably all 
members should be properly fitted and pinned, 
avoiding the use of threaded connections. 


Size.................... All members 1% in. inside diameter. 
PD TIREC on sissies eon. =o = 6 in. high—6 X 3¢-in. flat. 
Spacing of posts......... Not more than 8 ft. apart. 
Woop CONSTRUCTION 
PROTEIN se oe eric es wt hess bec ee a cto 2 in. X 4 in. (dressed) 
RS ICTR TON. 0 fobs. xs Sosa) > aioe wiles ae lin. X 4 in. (dressed) 
RAC SERS ras Pee A Fee eri wie we sc cree 2 ccs cee 2 in. X 4 in. (dressed) 
PEED ORCAG eae Acres 6th ohana weele Sg tnt og oh teas lin. X 6 in. 
PCI IAT DORLE I. dinee bse Settee: fo oe pee Not more than 8 ft. apart. 


Railings and Toe-board, for Stairways (see Figs. 110 and 111).—Railings and toe-boards 
for stairways should be the same size as railings and toe-boards for platforms and walkways, 
except the height of toe-boards for intermediate landings which may be 5 in. 


Concrete Tread Checkered Plate Grating Bar 
Tread Tread 


Fig. 110.—Stairs with angle hand rail. 


Stairway hand-railings should have a smooth finish. Rough edges and sharp corners 
should be removed in the shop. Any remaining after erection should be chipped or filed. 

Railings should be provided on each flight of stairs as follows: 

(a) On all open sides. 

(b) On one side of enclosed stairways 4 ft. or less in width, preferably on both sides. 

(c) On both sides of enclosed stairways over 4 ft. in width. 

(d) On both sides and in center of stairways over 8 ft. in width. 


62 STEEL AND TIMBER STRUCTURES [Sec. 1-28 


All intermediate landings should be provided with a toe-board or other inclosure in 
addition to hand-rail. 

Stairways. (1) General.—Stairways should be used wherever practical, in place of 
ladders. The following general rules should govern their design: 

(a) There should be uniformity of angle for all stairways in so far as practical. 

(b) They should preferably be designed between the angle of 20 and 50 deg. 

(c) For a grade of less than 20 deg. an incline, or ramp, is preferable. 

(d) An angle of 50 deg. to the horizontal is considered maximum for safety for stairways. 
Stairways of a slope this steep should be used only for short flights. Where a continuous 
flight requires an angle as great as 50 deg. it should be overcome by breaking the flight 
and reversing the direction. 

(e) Long flights should be avoided by the provision of intermediate landings. 

(f) Spiral stairways should not be substituted for regular stairways where practical to 
install the latter. 

(g) Where stairways with open risers pass over alleys, walkways, door openings to 
buildings, etc., a protecting plate should be placed on the under side of the stair stringers. 

(2) Dimensions of Stairs —Minimum width of stairways should be 27 in. 


Section AA 
7 Fig. 111.—Stairs with gas pipe hand rail. 


The width of intermediate landings should be proportional to a multiple of the natural 
pace—approximately 25 in. 

(3) Risers and Treads.—All risers and treads in the same flight of stairs shall have uni- 
form dimensions. 

No tread shall be under-cut more than one-third its width. 

When the nosing of the tread is rounded, the radius should not exceed 3¢ in. 

Treads should have anti-slip surfaces. (The inverted channel filled with cement and 
surfaced with carborundum chips is recommended.) 

(4) Doors and Gates.—No door or gate should extend over the top riser when open full 
width, nor should it be nearer the top riser than the width of three treads. 

(5) Ramps.—Anti-slip surfaces should be provided for ramps. 

Dimensions for Stair Treads and Risers.—Stairways should preferably be restricted to 
the four slopes shown in the following table except when flatter slopes are desirable. Thisis 
sometimes the case for entrance stairs that are used by a large number of people. While an 
angle of 50 deg. to the horizontal is considered maximum for safety it is desirable that 
stairways should not be built at a greater inclination than 45 deg. 

In designing a stairway the slope which best fits the condition should be used. The 
preferable rise and treads are underscored. It is seldom necessary that the horizontal run of 
stairs should conform to an exact figure. A slight variation will do no harm, thus allowing 
a standard tread to be used. All risers for a flight of stairs should be the same height and 
this height should be maintained wherever possible in adjacent stairways. No stairway 
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should be more than 24 risers in height. Intermediate landings should be introduced where 
height is excessive. 


| 
Slope 95¢ in. Slope 103/¢ in. Slope 115/¢ in. Slope 12 in. 


in 1 ft. 0 in. in 1 ft. 0 in. in 1 ft. 0 in. in 1 ft. 0 in. 
= 38° 40’ = 40° 58’ = 45 122) = 45° 
Rise Tread Rise Tread Rise Tread Rise Tread 
(in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) 
8 | 10 834 954 834 9% 834 834 
8 10 8)4 978 856 94 854 856 
7% | 9% 8l¢ 934 876 9 874 874 
734 91. || 8 9346 83 836 83 836 
758 9% || 7% 96 8% S34) || 484 84 


Stationary Ladders. (1) General.—Ladders should be avoided where the use of well- 
constructed stairways is practical. 

Steel construction should be used. Wood construction should not be used except as a 
temporary installation or in places where steel may be disintegrated by gases or fumes. 

The pitch of a ladder should not be such that the position of a person is necessarily below 
the ladder when climbing. 

Back Clearance.—Back of rung to nearest permanent object back of ladder not less 
than 8 in. 

Front Clearance.—No obstruction less than 30 in. except where safety cages are applied. 

Side Clearance.—15 in. from center on either side of ladder. 

Outside ladders should extend at least 45 in. above landing, preferably being goose 
necked, or bridged. Rungs should be omitted above landing. A platform should be 
provided where a person must step a greater distance than 18 in. from ladder to roof, tank, 
etc. 

High ladders with the possible exception of fire ladders should be divided into short 
lengths, placing landings every 20 ft. 

Safety cages should be placed on ladders that are 20 ft. or more in height. 

(2) Steel Construction. 

Size of Rails.—Not less than 34 sq. in. cross-section (2 X 3¢ in. recommended). 

Space of Side Rails.—16 to 24 in. apart, using as a standard the width most common, 
if between these limits. 

Splice Plates—Same size as material for side rails; should be on outside of side rails 
and double riveted or bolted. The rivets or bolts should be countersunk on inside and 
should be not less than 4 in. or more than 5 in. in diameter, where cross-section does not 
exceed that of 2 x 34. Length of splice plates should be 4 times the width. 

Rungs.—Not less than 34 in. diameter and fastened so as to prevent turning. 

Spacing of Rungs.—12 in. center to center. 

Fastenings.— Metal equivalent to side rails in strength. Fastenings should be made to 
permanent structure by rivets, by building in, or by through bolts or expansion bolts 
grouted or leaded. Fastenings should not be more than 10 ft. apart. 


29. Stacks.—It is often necessary, due to the arrangement of outside crane 
runways, railroad tracks, etc., to eliminate the use of guy lines in supporting a 
stack which is located in the midst of a group of mill buildings. Figure 112 shows 
a 90-ft. stack which has been designed with this idea in mind. This stack is 
supported at its base on a large circular steel casting which is securely anchored 
to the masonry by anchor bolts which are extended far enough into the masonry 
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to engage a mass heavy enough to prevent the overturning of the stack due to 
wind forces. The lower portion of the stack is made cone-shaped to give the 
proper width at the base and is fastened to the steel base casting with enough 
rivets to carry the complete load of the stack. The cone-shaped portion of the 
stack was made with the plates laid with shingle lap joints, while the cylindrical 
portion is shown with in and out lap joints. However, the cylindrical portion 
may also be made with the plates laid shingle joints if desired. A ladder should 
be furnished on all stacks, same to be provided with a safety cage running for the 
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Fra. 112.—Self-supporting stack. 


full height of the stack. There should be a cast-steel ring completely around the 
top edge of the stack. There should be a trolley runway provided completely 
around the stack at the top to receive the painters’ trolley used in painting. 

The stack shown was provided with a lining of 4 in. of brick, with a layer of 
sand 1 in. thick between the brick and the steel shell. 

30. Corrugated Steel—Corrugated steel sheets are used for the sides and roofs 
of mill and factory buildings. The sheets are laid directly upon the purlins or 
girts and are fastened to them by methods shown on following pages. 

The sizes and weights of corrugated sheets can be obtained from the handbook 
of any manufacturer of sheet steel. The standard lengths of sheets are 5, 6, 
7, 8,9 and 10 ft. The maximum length is 12 ft. The standard covering width 
per sheet is 24 in. 
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The standard thicknesses and weights for black and galvanized sheet metal 
are given in Table 8. The maximum span between supports is also given in 
the same table. 


TABLE 8 


214- and 3-in. corrugations 
P si Flat sheets 
missible ‘ ; ‘ 
Gage Thi oun (Ib. per 26-in. sheets |2714-in. sheets) Maximum 
ick- |variation 

US. er ee sq. ft.) (Ib. per (Ib. per span between 

are Say ee sq. ft.) sq. ft.) supports 

of 

weight | Galv. | Black | Galv. | Black | Galv. | Black ee Siding 
12 0.107 5.0 4.53 | 4.38 | 4.88 | 4.71 | 4.94 | 4.77 | 5’9” | 5/10” 
14 0.077 5.0 | 3.28 | 3.138 | 3.53 | 3.37 | 3:58 | 3.41 | 5/9” | 5/10” 
16 0.061 5.0 | 2.66 | 2.50 | 2.86 | 2.69 | 2.90 | 2.73.| 5’9’” | 5'10” 
18 0.049 3.5 2.0 | 2, 00r 2.52 | 2olp | 2.00.) 2.28 15.9.0 1 oO 
20 0.037 3.5 | 1.66} 1.50 | 1.78 | 1.627) 1.81 | 1.64 | 5’9” | 5/10" 
21 0.034 3207 | Lebd | 1387 1.651481 67 "| 1-50") 519 510" 
22 0.031 Oo Brye eel iad 25.} Wo Le} Les5 Leb BA e86 164/94 50" 
23 0.028 2.5 e283] Peels. ets: 2) | VA0%) 123 | 49 Og 
24 0.025 2.5 TAG. |e 00:"| 1. 25a OSeiae264012095).3/9% arto 
25 0.021 2.5 1.03 | 0.88 | 1.11 | 0.94 | 1.18 | 0.96 | 3’9” | 4/10” 
26 0.018 2.5 0.91 | 0.75 | 0.98 | 0.81 | 0.99 | 0.82 | 2’9” | 3/10” 
28 0.015 2:5 }-0.78 | 0.63 | 0.84 | 0.67 | 0:85 | 0:68 | 2’9’ | 3/10” 


Experiments have determined that corrugated sheet steel 5g in. deep and No. 
20 gage, spanning 6 ft., will begin to give a permanent deflection with a load of 
30 Ib. per sq. ft. and will collapse under a load of 60 lb. per sq. ft. The distance 
between centers of purlins, therefore, should not exceed 6 ft. The common spac- 
ing is 4 to 5 ft. Since the corrugated steel on the sides of a building is subject 
only to wind load the girts may be spaced farther apart. 
The uniformly distributed safe load of corrugated sheets may be obtained 
approximately from the formula given below: 
W = total allowable uniform load, in pounds. 
6 = curvilinear width of sheet in inches (6 = 1.075 x covering width). 
l = span length, in inches. 
t = thickness of sheet, in inches. 
d = depth of corrugation, in inches. 
f = allowable fiber stress, in pounds per square inch. 


Then 
yr = 81 _ Sf Abdt _ 32fbat 
l be tihd 151 
for 
25,600bdt 


f= 12,000 W=—> 
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31. Roofing and Siding of Corrugated Steel—Roofing is made from flat 
sheets 30 in. wide, each having 9 corrugations 224 in. wide by 14 in. deep or 
8 corrugations 3 in. wide by %¢ in. deep, one edge of sheet turning up and the 
other turning down. The sheets after corrugating are 2714 in. wide. They are 
laid with a side lap of 114 corrugations and cover approximately 24 in. net width. 

Siding is made from flat sheets 28 in. wide, each having 9 corrugations 2% in. 
wide by 14 in. deep or 8 corrugations 3 in. wide by 9/¢ in. deep, with both edges 
of sheet turning the same way. The sheets after corrugating are 26 in. wide. 
They are laid with a side lap of one corrugation and cover approximately 24 in. 
net width. 

For export work, roofing and siding are frequently furnished with 3-in. corru- 
gations and in 32-in. widths, covering 27 in. net when laid with 2 corrugations 
side lap and 30 in. net with 1 corrugation side lap. 

For roofing the sheets should have an end lap of not less than 6 in. and for 
siding not less than 4 in. All sheets should splice with end laps over purlins or 
girts. 

For siding it is customary to specify sheets two gages lighter than for roofing. 
Thus if No. 20 is specified for roofing, No. 22 is generally used for siding. 
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Fie. 113.—Roofing. Fie. 114.—Siding. 


Standard widths for corrugated sheeting should be adhered to and standard 
lengths as far as practicable. When sizes of sheets are affected by window and 
door openings, skylights, stacks, etc., requiring widths and lengths not standard, 
standard sheets should be ordered to be cut in the field, unless sheets of special 
sizes occur in large numbers, in which ease sheets should be ordered exact length. 
When ordering sheets for gable ends, one sheet should be ordered to make two 
pieces, thus saving all waste and one extra cut. 

In ordering corrugated sheeting net widths given above should be used and 
2 per cent added. 

Purlins and girts should be so arranged that sheets span two spaces. In all 
cases purlins and girts should be perpendicular to the run of corrugations. 

32. Flashing for Corrugated Steel.—F lashing is used to cover openings in the 
corrugated steel around doors and windows, ai eaves, at valleys, in roofs, around 
stacks, etc. The flashing can be obtained either flat or corrugated and is usually 
the same gage as the siding. Flashing can be obtained in the following extreme 
sizes: 16 and 18 gage, 54 X 168 in.; 20 and 22 gage, 48 X 120 in.; 24 gage, 48 x 
108 in.; 26 and 27 gage, 42 X 120 in. 

As a rule flashing is sent to the field bent to the proper shape required on the 
structure. Certain pieces with easy bends may be sent to the field flat, to be bent 
by the erector. However, the amount of bending done in the field will depend to 
a certain extent upon the conditions of the contract. 

Flashing is fastened to the roofing or siding with 3; ¢-in. soft iron closing rivets, 
spaced about 6 in. apart. The flashing should lap over the corrugated steel at 
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least 3 in. Various flashing details are shown in Figs. 122 to 131 inclusive, and 
Fig. 133. 

33. Ridge Roll.—The ridge roll in most common use is made from No. 26 gage 
although it may be the same gage as the roofing. The roll is 214 in. in diameter 
and has 6-in. aprons. The standard length is 8 ft. End laps should be 3 in. 
The ridge roll may be either plain or corrugated. Plain ridge caps are also used 
(see Fig. 115). 

The ridge roll is fastened to the roofing with closing rivets spaced 6 in. apart. 

34. Fastenings for Corrugated Steel.—Galvanized steel fastenings are usually 
more readily obtained than black fastenings. Consequently it is customary 
to furnish galvanized fastenings with all corrugated steel, either black or gal- 
vanized, except on very large orders, when the material in the fastenings should 
be the same as the sheeting. Corrugated steel is fastened to the girts and purlins 
by one of the following methods: 

34a. Clinch Rivets.—Clinch rivets are made of No. 8 wire and have 
heads curved to fit the corrugations. They pass through the sheeting and clinch 
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Plain Ridge Cap Corrugated Ridge Roll 
Fig. 115.—Ridge roll. 


around the outstanding legs of the angles or flanges of channels. The girts and 
purlins should be arranged with backs up, to provide bearing for the clinch rivets. 
The clinch rivets should be of sufficient lengths to allow at least 1 in. of the rivets 
beyond the final bend. 

In fastening corrugated sheeting with clinch rivets, care should be taken that 
the head of the rivets is driven to a bearing at the top of the corrugation and that 
the rivets are tightly drawn, holding the sheeting to a bearing against the girt or 
purlin and the rivets solidly clinched while held in this position. 

Clinch rivets for angle girts are of the following lengths and weights: 

(Weights are for galvanized rivets.) (Allow one clinch rivet for each 8 in. of 
girt and add 10 per cent for waste.) 


O.S. leg of angle (itt)..........-. Q 24-3 ai-4 b 6 
Raneth of rivet GMs) «<6... s:ejd-eny + 4 5 OG. W Sion) l0-clinea 
Number per pound.............. 62 50 39 36 384 29 27 26 22 


Various details showing the use of clinch rivets are shown in Fig. 116. 
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Fia. 116.—Clinch rivets. 
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34b. Straps.—Straps are made of No. 18 or No. 20 gage steel, 34 in. 
wide, and are attached to the sheeting by closing rivets. 
The following table shows lengths of straps required for various size purlins: 


PE OR UPI CNR Fs manta aoe 5, «0 5 6 7 8 9 10 12 
Whengtb Ol Stlap iN.) ac cecest + cle be 15 17 19 22 24 26 31 


Allow one strap and two rivets for each lineal foot of girt or purlin to which 
the sheeting is to be fastened and add 10 per cent to the number of straps and 20 
per cent to the number of rivets. Straps should be ordered in bundles to be cut 
and bent in the field. One bundle weighs 50 lb. and contains 400 lin. ft. 

Various details showing the use of straps are shown in Fig. 117. 
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Fig. 117.—Straps. 


34c. Clips.—Clips are made of No. 16 gage steel 114 in. wide by 244 
in. long and are slightly crimped to fit the flanges of the girts. They are fastened 
to the siding or roofing with bolts made of No. 10 wire, one bolt per clip. The 
bolts have curved heads to fit over the corrugations and are 1 in. long except for 
special cases. 

Clips do not make as desirable fastenings as straps or clinch rivets and should 
be used only where the other fastenings will not apply, such as at tops of doors, 
tops and bottoms of windows, shutters, etc. 


Fre. 118.—Clips. 
Allow one clip and bolt for each 8 in. of girt and add 10 per cent for waste. 
Various details showing the use of clips are shown in Fig. 118. 
34d. Wood Nailers.—When wood nailing pieces are used, they are 
bolted to the purlins or girts and the sheeting is nailed to the wood with ‘corru- 
gated steel nails.’’ The nailing pieces 
are 2 X 4s or 2 X Gg (Fig. 119). 

Allow one nail for each lineal foot of 
girt or purlin and allow 20 per cent for 
waste. Nails should be 8 in. long for 
roofing and 214 in. long for siding. 

Fig. 119.—Wood nailers. 34e. Closing Rivets.—Clos- 
ing rivets, besides being used for fastening 


straps, are used for fastening the side laps, flashing, ridge roll, etc. They are 3/5 
in. in diameter and of the following lengths (weights are for galvanized rivets) : 


Length Gin.) 7.ce at eee 3¢ 1g 5¢ 34 


No. per Ib clade cen Peart 200 166 142 125 
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Rivets 34 in. long are sufficient for three thicknesses of sheeting. A few rivets 
¥4 in. long should be ordered for grips of more than 3 thicknesses. 

For roofing, the closing rivets are spaced 16 in. apart in the side laps and 6 to 
8 in. apart in the end laps. Where straps are used, each alternate rivet in the 
end laps is to be a strap rivet. 

For siding, the closing rivets are spaced 24 in. apart in the side laps. No 
rivets are required in the end laps outside of the regular girt fastenings. 

For ridge roll, flashing, cornice, etc., order one rivet for each 6 in. of seam. 

Allow 20 per cent for waste in all cases. 

34f. Nails—‘‘Corrugated steel nails” are of a special kind with 
heads curved to fit the corrugations. They are used for fastening corrugated 
sheeting to wooden sheathing or nailing pieces on girts or purlins. 

Where sheeting is to be attached to wooden nailing pieces, allow one nail for 
each foot of girt or purlin. The nails should be 3 in. long for roofing and 2% in. 
long for siding. 

Where sheeting is to be attached to wooden sheathing, the nails are spaced 1 
ft. apart in end and side laps, and 1 ft. apart in the body of the sheets in lines 3 or 
4 ft. apart, the same as if girts or purlins were used. The nails should be 2 in. 
long for 1-in. sheathing and 214 in. long for sheathing 114 in. thick and over. 

The following table gives the weights of galvanized ‘corrugated steel nails’’: 


ee 1% De CY alee SF 
Oe 150 139 111 83 


For nailing flashing to wood use “barbed roofing nails” 114 in. long. Allow 
one nail for each 6 in. of seam. 

Sizes and weights of barbed roofing nails are given in the following table. 
These nails are designated by length and not by ‘‘penny’’: 


eT ah a er 34 1% 1 1% 1% #1% «1% «21S 
Wi Pee torec cre ees 714 469 411 365 251 230 176 += 151 


34g. Finish at Doors and Windows.—Corrugated sheeting should 
be attached to door and window jambs and headers with 14 or 3¢-in. round head 
stove bolts spaced 12 in. center to center. A bar 114 to 2 in. wide by 1 to 14 in. 
thick is usually provided for the outside finish (see Fig. 132). 
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Fie. 120. Fie. 121. 


34h. Miscellaneous Fastening Details.—All rivets, clinch rivets and 
bolts should pass through top of corrugations, as shown in Fig. 120. 
Corrugated sheets should always be laid with broken joints, as shown in Fig. 
_121 and interlapping corners should be riveted where side and end laps cross. 
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In Figs. 122, 123 and 124 are shown corrugated steel details for a machine 
shop for the American Bridge Co. 

Figures 125 to 132 inclusive show miscellaneous fastening and focting details. 

Figure 133 shows details of flashing for a steel stack. 

35. Curtain Walls.— Curtain walls are low walls of concrete extending around 
the exterior of mill buildings with corrugated steel side walls. Their purpose is 
to provide a finish for the siding above the ground to prevent corrosion of the steel 
siding, and also to add to the warmth of the building by preventing the cold air 
from entering beneath the siding. In buildings with windows a few feet above 
the ground, the curtain walls are usually carried up to the under side of the 
windows. 
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Fie. 122.—Corrugated steel plans for a machine shop (American Bridge Co.). 


The piers under the side wall columns are notched to form a bond between 
curtain wall and pier. 

Figure 134 shows common types of finish at top of curtain walls. 

36. Ventilators.—Mill buildings are ventilated either by forced draft or 
natural ventilation, the latter usually being sufficient. This article will consider 
natural ventilation only. 

The amount of ventilation required will depend largely upon the use to which 
the building is put. Open hearth buildings, and buildings that contain various 
kinds of furnaces will require more ventilating area than machine shops, assem- 
bling plants, etc., which produce practically no heat or smoke. High buildings 
will require fewer outlets for ventilation than will low ones. 

36a. Monitor Ventilators.—The openings in the sides of monitors 
may be fitted with louvres, shutters, sliding or pivoted sash, or left entirely open. 
The latter practice is common in open hearth and other mill buildings generating 
a large amount of heat, In this type of building it is also customary to have slid- 
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Fre. 123.—Corrugated steel details for machine shop shown in Fig. 122. 


Fic. 124.—Corrugated steel list for machine shop shown in Fig. 122. 
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ing shutters or sliding sash which during the summer months may be opened 
to admit a large amount of air. 
Figure 135 shows details of louvre ventilators. This type of louvres is not 


expensive and is quite satisfactory. 


Py 


Fig. 125.—Section through Fie. 126.—Valley flashing. Fie. 127.—Eave finish. 
ridge roll. 


Fig. 128.—Ridge finish. Fia. 129.—Gable finish. Fie. 130.—Gable finish with 
outlooker. 
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Figure 136 shows details of a hinged shutter sometimes used in monitors. 
The shutter is made up of a steel frame covered with corrugated sheeting. Vari- 
ous types of operating devices are used for opening and closing the shutters. 

Figure 137 shows details of an open side monitor used on an open hearth build- 
ing. The curved sheet at the bottom of the opening is for the purpose of deflect- 
ing the air currents which pass up the roof of the building and would otherwise be 
carried into the monitor. 
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Fig. 135.—Louvre ventilators. 
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36b. Circular Ventilators.—Various types of circular ventilators are 
in use on buildings requiring only a small area for ventilating. They are made 
of galvanized steel, copper, or other sheet metal and are usually placed on the— 
ridge line of the roof. : 


Hinge it 
Corr stee! 
or flat sheets 
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Fig. 137.—Open side monitor for open hearth 
building. 
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Fia. 138.—Circular ventilator. Fia. 139.— Hanging gutter. 


A ventilator which can be made in any tinshop is shown in Fig. 138. 
Similar types of circular ventilators can be purchased on the market, among 
them being the Arex Ventilator made by the Arex Co. Chicago, the AKolus 
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_ Ventilator made by Paul Dickinson, Inc., Chicago, the Allen Ventilator made by 
Allen Corp., Detroit, Mich., the Century Ventilator made by Century Fan «& 
Ventilating Corp., New York, the Royal Ventilator made by Royal Ventilator 
Co., Philadelphia, and the Burt Ventilator made by the Burt Manufacturing 
Co., Akron, Ohio. All of these ventilators as well as ventilators of the revolving 
type may be found described in the architectural and engineering catalogs. 

37. Gutters and Down Spouts.—Both eave and valley gutters are usually 
made of No. 20 gage galvanized steel unless otherwise specified. They may be 
obtained in lengths up to 10 ft. varying by even feet. They should have 4-in. 
end laps, and should be well riveted and soldered to make them watertight. 


Area Area Size of 
drained ag tt) \gut ter) drained (sq t%, gut ter(n)\ Dia fin) |Soacealff) 
0 to 1200 6 5 40 


Oo to 2400 4x8 
2400 to_3600 5x8 
1600 to 4800 5x0 


Fic. 140.—Hanging gutter. Fic. 141.—Valley gutter. 


Gutters should have a slope of at least 1 in. in 15 ft. and should be supported 
at intervals not to exceed 4 ft. 

Common types of eave gutters are shown in Figs. 139 and 140. 

Common types of valley gutters are shown in Figs. 141, 142 and 143. 

In Fig. 144 is shown an interior gutter with down spout and gravel stop for 
use with tar and gravel roofs. A condensation gutter was also provided to take 
care of the condensation from the interior of the skylights. This gutter was used 
on the machine shop for the American Bridge Co. shown in Fig. 122. 

Down spouts should be made of No. 22 gage galvanized steel unless otherwise 
specified. For buildings in cold climates, down spouts 6 in. in diameter and under 
should be corrugated; those over 6 in. in diameter should be plain. For buildings 
in warm climates all down spouts may be plain. 

Down spouts are fastened to the sides of the building by means of hooks or 
straps. 
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38. Roof Coverings.—Mill building roofs are covered with: corrugated steel; 
felt, tar and gravel; cement tile; slate or asbestos shingles; or one of the many 
patented roofings now on the market. 

It is important that the choice of covering be adapted to the slope of the roof 
or vice versa. The preferred slope for corrugated steel is 6 in. per ft., or }4 pitch. 
The preferred slope for cement tile is 5 in. per ft., for tar and gravel roofing 14 to 
1 in. per ft., and for slate shingles 7 in. per ft. 
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Fia. 142.—Valley gutter. Fie. 143.—Valley gutter. 
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Fra. 144.—Interior gutter and down spout. 
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38a. Corrugated Steel Roofing.—The subject of corrugated steel 
roofing and fastenings for this roofing has been covered in Art. 31. Where 
corrugated steel roofs are subjected to the action of corrosive gases, they should 
be kept well painted with a good protective paint. 

On certain classes of buildings, to prevent condensation of vapor on the inside 
of the metal roof, the corrugated steel is laid on wooden sheathing or lined with 
an anti-condensation lining. This lining is put on by two systems. 

Berlin System (Fig. 145).—The Berlin System of anti-condensation lining 
consists of a layer of wire netting, No. 19 gage and 2-in. mesh, placed on top of 
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purlins transversely and laced together with No. 20 brass wire. Over the netting 
is placed a layer of asbestos paper weighing 14 lb. to the square, and on this a 
layer of asbestos paper weighing 6 lb. to the square. On top of the asbestos 
paper are placed two thicknesses of Neponset building paper. The asbestos and 
building papers should lap at least 3 in. and break joints not less than 12 in. 

When bays are longer than 10 ft., the purlins are trussed to take up the pull 
due to the stretching of the wire netting. This applies to channel purlins. Other 
types should be investigated. On buildings where the purlins are spaced more 
than 4 ft. apart, No. 9 galvanized wire is stretched across the purlins to prevent 
the wire netting from sagging. 
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Fia. 147.—Cement tile roofing. 


The lining and corrugated steel is held in place by clips-and bolts or clinch 
rivets spaced as for ordinary corrugated steel covering. The bolts for the clips are 
114 in. long. Should a nut come in contact with the lining a tin washer should 
be used to prevent breaking or tearing the covering. 

Minneapolis System (Fig. 146).—The Minneapolis System of anti-condensa- 
tion lining consists of a layer of No. 19 gage galvanized wire netting with 2-in. 
mesh placed on top of purlins transversely and laced together with No. 20 brass 
wire. On top of the netting is placed a layer of 30-lb. asbestos paper, allowing 3 
in. side lap. On top of this is laid the corrugated steel in the usual manner. 
Place a line of 3/,-in. bolts between purlins about 2 ft. center to center with 
washers 1 x 4 X in. to prevent netting from sagging. 

38b. Tar and Gravel Roofing.—There are several different specifica- 
tions for laying tar and gravel roofing but the general method is as follows: 
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On the wooden sheathing lay a single thickness of ordinary building paper, the 
edges lapping 2 in., and nailed to the sheathing with roofing nails about 2 ft. 
apart. On top of this are laid several thicknesses of roofing felt, shingle fashion, 
the laps being cemented together and the various layers to each other with hot tar 
or roofing cement. The top layer is then covered with a heavy coating of hot 
tar or cement and into this is rolled a layer of clean gravel which has been passed 
through a 5-in. mesh screen, 

The roofing is either three, four, five, or six ply, depending upon the number 
of layers of the roofing felt. 

The amount of tar or roofing cement used should be from 100 to 120 lb. per 
square. If tar is used, a small amount of pitch added to the tar will cause it to 
solidify and prevent flowing in hot weather. 

The wooden sheathing should be tongue and groove 1 to 3 in. thick depending 
on the spacing of the purlins. With purlins spaced about 5 ft. 2-in. sheathing 
(actual thickness 15 in.) will usually be found economical. 

Tar and gravel roofing well laid will last 15 to 20 yr. This covering is fire- 
proof, needs no painting, and is not affected by corrosive gases. The comparative 
cheapness and ease with which it can be laid make this kind of roofing very desir- 
able for mill and factory construction. 

38c. Cement Tile.—Figure 147 shows typical details of a roof cov- 
ered with reinforced cement tile. This tile makes a very satisfactory roof, being 
practically indestructible and requiring no expense for maintenance. The tiles 
are laid directly on the steel purlins and are held in place by their own weight, no 
fastenings being required. 

Cement tile roofing is manufactured by several companies, among them being 
the Federal-American Cement Tile Co. (Chicago). 

The following data on cement tile is issued by the Federal-American Cement 
Tile Co.: 


COE cig di divin. alee ae 24 X 48 in. Purlin spacing...... 4 ft. 

Overall length........... 52 in. Least allowable slope % pitch 

121¢ tile per square Safe carrying load.. 100 lb. per sq. ft. 
Wt, per 60. Tis. ..celak sae LO ID Breaking load...... 250 lb. per sq. ft. 
PE IOKMASE sca 2: Romana ake 144 in. 


38d. Slate.—The best quality of slate is both hard and tough, has a 
bright lustre and has a clear ring when struck. If the slate is too soft, the nail 
holes will wear easily and the slates become loose. If too brittle, the slates will 
fracture during the process of holing and squaring and will break easily while 
being laid. 

Slate makes a durable and fire-proof covering but if laid directly on the purlins 
in buildings where condensation would be injurious to the contents, the slate 
must be lined with some form of anti-condensation lining. 

The sizes of slates range from 9 X 7 in. to 24 X 14 in. with a large number of 
intermediate sizes. The larger sizes are more suitable for mill and factory build- 
ings as they require fewer purlins and nails, make fewer joints and require fewer 
small pieces at hips and valleys. The usual thickness is about 3{g in. The nail 
holes are bored and countersunk at the quarry, but this should be specified when 
ordering. Two holes are provided in each slate. 


fm 


Sec. 1-38¢] BUILDINGS 79 


Slates should be laid with a 3-in. lap over the second course below, with joints 
well broken. They are fastened with two, three or four penny slater’s nails, 
one at each upper corner. Copper, tinned, or galvanized nails should be used, as 
ordinary nails will soon rust and break off, allowing the slate to loosen (Fig. 148). 


Average weight of slate laid 
on root, OF /b. per sg. tt 


Fic. 148.—Slate on wood purlins. Fic. 149.—Slate on steel purlins. 


The following table shows the number of slates required per square (100 sq. 
ft.) when laid with the standard 3-in. lap, also the length of the exposed surface 
and weight of nails required. Slate roofing 3{¢ in. thick will weigh when laid 
about 614 lb. per sq. ft., and if 14 in. thick about 834 lb. 


Fase of Mussherly ee” || Size of Weighs 

of nails of nails 
slates per slates 
(inches) square Gb. and (inches) (lb. and 

02.) 02.) 
| 

24X14 1044 98 1- 6 16 X10 6% 222 2-8 
24X12 104% 115 1-10 16x9 6% 247 3- 0 
22 X12 9% 126 1-12 16X 8 6% 277 3- 2 
22X11 9% 138 1-15 1410 5% 262 3- 0 
20X11 84 155 2-— 0 14 8 5% 328 3-12 
20 X10 84 170 2- 6 1247, 5% 375 4- 4 
18 X12 7% 160 1-13 12X 8 44 400 4-9 
18 X10 7% 192 2-3 1 Pp My 46 457 5- 3 
18X 9 7% 214 2-7 12X 6 4% 534 6- 1 
16X12 6% 185 2- 2 


Figure 149 shows a method of laying slate roofing directly on steel purlins. 
The slates are fastened with copper or galvanized soft iron nails which are 
elinched around the lower leg of the angle purlins. The purlins should be spaced 
the same distance apart as the exposed surface of the slate which would be 1014 
in. for a 24-in. slate. The nail holes instead of being punched in the upper 
corners must then be punched near the middle, to be in proper location for 
clinching around the purlin. 

38c. Prepared Roofings.—There are a large number of patented 
roofings which may be purchased on the market; many of these are excellent and 
ean be easily laid. Asbestos or asphalt shingles or rolled roofing, of which there 
are several kinds on the market, make very satisfactory and lasting roofs. 
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The following are the names of a few of the roofing manufacturers and their 
products: 

Johns-Manville Co.—Asbestos Shingles and Asbestos Rolled Roofing. 

The Philip Carey Co.—Carey Built-up Roofing. 

The Barrett Co.—Barrett Specification Roofs (a built-up roof covering). 

The Barber Asphalt Corp.—Genasco Ready Roofings. 

The Ruberoid Co.—Ruberoid Strip Shingles and Ruberoid Built-up Roof. 

39. Floors.—Floors in mill buildings may be roughly divided into two classes: 
(1) ground floors and (2) floors above the ground. The purpose and use of the 
building and its contents, of course, largely determine the type of construction 
to be used in each individual case. 

39a. Ground Floors.—Ground floors may be of well-compacted 
earth, cinders, concrete, brick, asphalt, plank, or wood block. 

For steel mills, forge shops and foundries either earth or well-compacted 
cinders make the most suitable floor. In forge shops handling light work brick 
floors are sometimes used, but in forge shops handling heavy forgings any kind 
of floor except one composed of earth or cinders would have a short life. 
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(©)Wood Floor on Concrete @) Brick Floor on Concrete, 
Fia. 150.—Ground floors. 


For a machine shop or factory where the workmen are standing continually, 
the wearing surface should be wood or asphalt. A very satisfactory floor for a 
machine shop is one made of creosoted wood block laid in sand on a concrete 
foundation. The space between the blocks should be filled with pitch. Asphalt 
floors, while comfortable to walk upon, are not so satisfactory for machine shops, 
as they are softened by oil, of which more or less will usually be found on the floor 
of a machine shop. 

For floors in round houses a number of railroads are using vitrified brick laid 
on sand or well packed cinders or in sand on a concrete base. Concrete would be 
suitable except that it will crack under the loads to which it is subjected and 
cannot be as easily repaired as a brick floor. 

In Fig. 150 are shown several types of ground floors. It is essential that 
proper provision be made for draining ground floors of all types. 

39b. Floors Above Ground.—In Fig. 151 are shown various types of 
floors above ground. In (a) is shown a simple plate floor made of checkered, 
indented or plain plates. This type of floor is not often used except for walk- 
ways, repair platforms, etc., which are not subjected to constant use, as in time 
the plates wear too smooth for safety. 

In (6) is shown a brick floor supported by steel plates, a type of construction 
often used in open-hearth buildings for charging floors. 
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In (c) is shown a floor with a concrete base supported by buckle plates. The 
buckle plates may be turned with buckles either up or down. This type of floor 
is adapted to the carrying of heavy loads. 


In (e) is shown a type of floor used as a mold loft floor in several of the Navy 
Yard repair shops. 
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Fig. 151.—Floors above ground. 
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Fig. 152.— Wooden doors under 6 ft. wide. 


40. Doors.—Swinging exit doors in factory and mill buildings should swing 
outward for safety in case of fire. Horizontal sliding or rolling doors on brick 
walls are usually more convenient when placed on the inside of the building. On 
buildings with corrugated steel sheeting they may be placed either inside or out- 


side to suit conditions. Placed on the inside they may be interfered with by 
the column or other framing, but, if placed on the outside, a metal hood should 
be provided over the door track, flashed to the side walls, 
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40a. Wooden Doors.—Wooden doors are usually constructed of 
-matched white pine sheathing nailed or screwed to a wooden frame. 

Details of wooden doors under 6 ft. wide, are shown in Fig. 152; and over 6 ft. 
wide, in Fig. 153. These doors are used by the American Bridge Company on 
buildings with corrugated steel side walls, but with modifications can be used with 
any kind of side wall construction. The details are self-explanatory. 


a 

x4 ‘matcted beaded white pine 
sheathing screwed to trame with 
No. lé screws 2” long. 


high. All doors 
have two middle rails. 


” 


yo 1 12-0 


For doors Y 
over 1250 high to 


d had 
All doors over 8-0 wide to have two Detail of Head 


or more center stiles. 
af re Se | When the girt is 
For Doors 60'to 8-0 Wide tturned with back to 
<i ‘column, finish as shown, 


Sliding abvors should be4'wider ond 
Yrordwoed 2" higher thoh clear gpening berrveen 
Jamos. 
7 AI Al/ stiles and rails to be halved or 
mortised and teroned roger her. 


for swing doors. 
if doors aré to be covered with tin 

Cal! for hardware as desired. or sheet metal,they are to be mogg 
of two or more thicknesses or, ‘F 
matched white pine sheating notover 
4'wioe, lara yr ass and put to- 
gether with wrough? nails well 
clinched, 


Fia. 153.—Wooden doors 6 ft. wide and over. 


The following specifications apply to wooden doors of the type shown: 


(1) All doors and their frames are to be built in accordance with the details and to the 
dimensions shown on the drawings and sketches. 

(2) All lumber is to be sound, free from rot, shakes, or large, loose, black or unsound 
knots, or any imperfections that will impair its strength or durability. A few small or 
sound knots will be allowed. 

(3) Frames for doors are to have the heads and sills gained to receive the jambs. All 
separate pieces making a frame are to be cut to exact dimensions and must be built so that 
an ordinary workman may nail them together at the building site. No calculating of 
dimensions, nor cutting or measuring to be done by the workman who puts the frames 
together. 

(4) All frames not shipped by rail, but purchased locally and delivered at the building 
site, shall be nailed together complete. If shipped by rail, they are to be shipped ‘‘ knocked 
down,” and all strips and small pieces should be carefully bundled for shipment. 

(5) Framed doors are to be built of seasoned white pine in accordance with detailed 
dimensions. The stile and rails are to be framed to form panels, mortised and tenoned or 
halved, chamfered and supplied with 14 round in the interior angles. The backing is to be 
of 7-in. white pine lumber; not over 4 in. wide, matched, beaded and surfaced two sides, 
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put on the frame diagonally in one or two thicknesses as detailed, and thoroughly fastened 
to frames by screws. All doors are to be put together in the best manner, with white lead 
in all joints. 

(6) Doors covered with tin or sheet metal are to be made of two or more thicknesses of 
7g-in. matched white pine courses, laid diagonally, thoroughly put together with wrought 
nails well clinched. 

(7) When doors are in pairs, strips are to be placed on the edge where the two doors join 
each other; one strip to each pair of swinging doors and two strips if the doors are sliding. 
If the doors are hinged, rabbet strips must accompany them. 
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Fie. 156.—Steel swinging door. 


(8) Hardware (such as hinges, latches, guides, locks, etc.) which attaches to the doors, 
and bolts or screws which are required to fasten the doors to the framework of the building 
proper, also hangers for sliding doors and the weights, pulleys and chains for lifting doors 
are not furnished by the door manufacturers. If included in the contract, they must be 


purchased separately. All hardware is to be suitable for the work for which the doors 
are furnished. 


Details of large double leaf swing doors are shown in Fig. 154. These doors 
are in use on a locomotive shed for an industrial plant. Doors of this size require 
very substantial supports. 

40b. Steel Doors.—Steel doors may be made either swing or sliding 
and may be covered with either flat or corrugated steel. 

Details of steel sliding doors are shown in Fig. 155, and of steel swinging doors 
in Fig. 156, There are several patented devices on the market for hanging slid- 
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ing doors. The sliding doors in Fig. 155 are shown with a Coburn track and 
hangers. 

Steel doors are now manufactured by several firms making steel sash, the best 
known probably being the “Fenestra” doors, manufactured by the Detroit Steel 
Products Co., Truscon doors manufactured by Truscon Steel Co., Youngstown, 
Ohio, and the Lupton doors manufactured by Michael Flynn Manufacturing Co., 
Philadelphia. 

These doors are made with stiles of seamless rectangular steel tube welded 
at the corners. The lower part of the door has a steel panel. The upper part 
may be made either a steel panel or filled with glass. These doors are made either 
swinging or sliding and are in various styles and sizes suitable for factory use. 

A type of door often used on large entrances is the steel rolling door. These 
doors are made of metal slats joined together and when opened are rolled up on 
an overhead drum. The Kinnear Rolling Door made by the Kinnear Mfg. Co., 
Columbus, Ohio is shown in Fig. 157. 
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Fig. 157.—Kinnear steel rolling door. 


41. Windows and Skylights. 
41a. Glass.—The kinds of glass used in windows and skylights for 
mill buildings are ordinary sheet glass, plain or wired plate glass and sheet 
prisms, the latter being seldom used. 

Ordinary sheet glass is divided as to thickness into ‘‘single strength” and 
“‘double strength.” Single strength glass is about 14, in. thick, and double 
strength about 1 in. thick. As to quality, sheet glass is made in three grades, 
AA, A and B, the AA being the best and the B grade the poorest. Grade A is 
suitable for ordinary mill and factory buildings. 

Plate glass is made in various thicknesses which will depend upon the size 
required and is made either plain, or reinforced with wire mesh. The surface is 
either polished, rough, ribbed or figured, the latter being Known as maze glass. 
The ribbed glass is made with ribs on one surface only, the opposite side being 
smooth. 

Rough and ribbed plate wire glass are the kinds best suited for factory and 
mill building construction. Wire glass is especially adapted for skylights, for 
if the glass is broken the wire will prevent the pieces from falling. For the same 
reason wire glass has high fire resistance and will hold together long after ordinary 
glass has failed. Light is not as well diffused through rough plate as through 
ribbed plate but is preferred by some on account of being easier to clean, as the 
ribbed glass will collect dirt and unless frequently washed will obscure more light 
than the rough plate. Ribbed glass should be placed with the ribs either on the 
inside or outside of the building according to which is the more accessible for 
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Fig. 158.—Pivoted window. 
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Fria. 159.—Continuous pivoted and fixed sash in monitors. 
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cleaning. The ribs should be vertical for side walls and parallel to the roof slope 
on skylights. 

The amount of glazed surface required for a mill building will depend upon the 
use for which the building is constructed. The present tendency in machine 
shops and manufacturing establishments where close work is performed is to 
glaze as much of the side walls as possible. This tendency has been brought 
about largely by the use of steel sash, which is adapted to continuous glazing. 
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Fria. 164.—Dimensions for glazed wood sash, 


For sheet glass the regular stock sizes vary by inches from 6 to 16 in. in width. 
Above that they vary by even inches up to 40 X 50 in. for single strength and 
60 X 80 in. for double strength. Wire glass, for thicknesses of 14, 546 and 3¢ 
in. which are commonly used on mill buildings, can be obtained in 48-in. maxi- 
mum widths and 144 in. maximum lengths. 

The following table gives the approximate weight per square ft. of wire glass: 


Thicknesses (inches)............ yeM%_4 
Rees Ss fh, wad Mowe eo ures 2 24% 3% 


41b. Wooden Sash.—Since the advent of steel sash, the use of 
wooden sash has been largely curtailed due to the greater effective area of the 
former for lighting. The relative cost of wooden as against steel sash cannot be 
stated with any degree of accuracy as it will depend largely upon location. In 
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localities where lumber is plentiful wooden sash will be cheaper than steel although 


the opposite may be true in other localities. 
The relative life of wooden sash as compared to steel is a matter of opinion. 


Both steel and wooden sash if kept properly cleaned and painted will last indefi- 
nitely. However, if the steel sash is not kept properly painted it will soon rust 
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Fie. 165.—Dimensions for wood frames. 


The details of wooden sash will depend upon the nature of the supporting 
walls. In Figs. 158 to 165, inclusive, are shown details of wooden sash for 
buildings with corrugated steel siding, as used by the American Bridge Co. With 
certain modifications they can be applied to any type of wall. 

The following specifications apply to these windows: 


(1) All window frames and sash are to be built in accordance with the detail drawings 
and dimensions shown thereon. The number and kinds to be specified on the drawings and 
sketches. 
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(2) All lumber is to be sound and free from rot, shakes, or large, loose, black or unsound 
knots or any imperfections that will impair its strength and durability. A few small or 
sound knots will be allowed in the sash and frames, but the muntins and sash bars must be 
entirely free from knots. Window frames are to be of white pine, of a quality to fulfill 
requirements above specified, except the stiles and parting strips of double hung windows, 
which should be of Georgia yellow pine. Where white pine is found too high in price, 
cypress is sometimes admissible for inside work. 

(3) All frames for windows, or continuous sash, are to have the heads and sills gained 
to receive the jambs. All the separate pieces making a frame are to be cut to exact dimen- 
sions, and must be built so that an ordinary workman may nail them together at the build- 
ing site. No calculating of dimensions, nor cutting or measuring is to be done by the 
workman who puts together the frames. 

(4) All exposed surfaces of frames are to be dressed and primed with pure white lead and 
boiled linseed oil, except in the case of double hung or counter-balanced windows, where the 
parting strips and pulley stiles are to be oiled. 

(5) All window frames not shipped by rail, but purchased locally and delivered at the 
site, should be nailed together complete; if shipped by rail, they are to be shipped ‘‘ knocked 
down,”’ and all strips and small pieces should be carefully bundled for shipment. 

(6) Window sash are to be built of white pine of the dimensions shown on the details. 
All sash are to have the lugs cut off the stiles and rails, and are to be jointed on the outside 
edges. All exposed surfaces are to be dressed and primed lead color, of pure white lead and 
boiled linseed oil. Sash should be made to fit the openings for which they are intended, 
with 14-in. allowance in height and width. The sash are to be glazed with single thickness 
American glass, of what is commonly known as “‘ No. 2”’ or ‘‘A’’ quality. Atleast 8 glaziers 
points to a light should be used, and the glass should be well bedded, sprigged and puttied 
in the sash. If the lights are larger than 12 by 14 in., the glass is to be double thiekness 
American glass, same quality as foregoing. All sash are to be primed before the glass is 
put in place. All sash are to be carefully crated for shipment, and all glass fractured when 
the sash are received at the building site is to be replaced by the manufacturer. 

(7) Hardware, such as pulleys, weights, chains, trolleys, trunnions for swing sash, hinges, 
catches, ete., which attach to the windows or their frames and such bolts or screws as are 
required to fasten the windows to the framework of the building proper, are not furnished 
by the window manufacturer. If included in the contract, they must be purchased 
separately. 

41c. Steel Sash.—Steel sash is now being made, suitable for all 
classes of buildings. The methods of fastening the sash are quite simple for either 
steel, brick or concrete construction. Steel sash are made on continuous runs 
with or without ventilators, the sections being joined together with vertical 
T-bar mullions. Figure 166 shows typical details of steel sash as fastened to steel 
framework. | 

Full detailed information concerning steel sash will be found in the catalogs 
issued by the various manufacturers, the most prominent being: the Detroit Steel 
Products Co., makers of ‘‘Fenestra”’ steel sash and doors; Michael Flynn Manu- 
facturing Co., Philadelphia, makers of Lupton’s Steel Pivoted Factory Sash; and 
the Truscon Steel Co., Youngstown, Ohio, makers of Truscon Steel Sash. The 
sash dimensions and methods of fastening side wall sash are practically the same 
for the sash made by each of these firms. 

41d. Skylights.—Skylights are used in buildings whose width is too 
great to receive proper light from the sides. The proportion of roof to be covered 
with glass will depend upon the use of the building and will vary anywhere 
from 20 to 50 per cent. Some forms of skylight serve the double purpose of 
lighting and ventilation. 

Skylights for mill buildings are generally placed in the plane of the roof, 
although individual box skylights are sometimes used. 
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Skylight glass is held in position and made watertight by two general meth- 
ods: (1) by being laid in putty or cement, or (2) by the use of felt packing in 
the joints compressed and held in place in various ways. 

Laying the glass in putty or cement has the advantage of allowing the glass 
to bed itself without straining and causing breaks, and the joints are easily made 
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Fia. 166.—Steel sash details. 


watertight. However, this method has a distinct disadvantage due to the fact 
that the cement or putty will adhere to the glass and allow no movement such 
as will take place when the framework expands or contracts, or the building 
vibrates under the passage of cranes, 
etc. and the glass will become broken. 
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Fie. 167.—Types of skylight bars. In Fig. 167 are shown several 


different types of skylight bars. 
(a) shows the “Peerless Skylight Bar” made by John D. Busch & Sons, Detroit, 
Michigan. This consists of a steel tee, heavily coated with asphaltum paint, 
which provides a seat for the glass, The cap holding the glass is held in place 
by a brass cotter pin. 
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In (6) is shown the skylight bar made by the Nonpareil Skylight Company, 
Baltimore, Maryland. The glass rests on a lead cushion and is held in place 
with a metal cap. The supporting bars are made of lead-coated steel and have 
their lower edges bent out and up to form condensation gutters. 

In (c) is shown a skylight bar of the double-glazed type made by the H. H. 
Robertson Company, Pittsburgh, Pennsylvania. These double-glazed skylights 
are designed to overcome condensation of moisture on the inside surface of 
skylights. They are glazed with two layers of glass, with an air space between 
the layers, resulting in far greater heat-insulation value. 

In Fig. 168 is shown a simple skylight with a wooden frame. The glass is laid 
on a }4-in. felt strip and is held in place by a wood strip nailed to the frames. 
Over this is placed No. 18 galvanized steel flashing. 
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Fia. 168.— Wooden skylight frame. 


TIMBER FRAMED FLOORS AND ROOFS 


42. Floor Construction. 

42a. Thickness of Sheathing and Spacing of Joists.—-The type and 
intended use of the building will in a great measure determine the general arrange- 
ment of floor system, the thickness of sheathing, and the approximate spacing of 
joists. For timber floors carrying light loads, as dwelling houses, apartment 
houses, schoolhouses, and office buildings, the sheathing is usually of double 
thickness, consisting of an under floor of rough 1 X 6-in. boards, laid diagonally 
with the joists, and an upper floor of 7é-in. tongue and grooved flooring. The 
joists for this class of buildings are usually 2 to 3 in. nominal thickness, spaced 
16 in. on centers, and of such depth as is necessary for strength and stiffness. The 
spacing of 16 in. for the joists must be maintained when a ceiling of wood lath and 
plaster is supported from the under side of joists. Usually, the span of the 
joists will not exceed 20 ft. Floor joists 2 X 8 in. are the smallest size that should 
ordinarily be used, while the maximum depth for a 2 in, thickness should not 
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exceed 16 in. If a stronger joist than a 2 X 16 in. is required, the thickness 
should be increased to 3 in. with a maximum depth of 18 in., or the spacing 
decreased to 12in. With a ceiling supported from the floor joists, the size of joists 
must be sufficient to keep the deflection of the joists when fully loaded to %6o 
of the span of the joists. In making such a computation for deflection the load 
of ceiling, joists and bridging, flooring and any partitions is considered as the 
constant or “‘dead” load, and the modulus of elasticity used should not exceed 34 
that given for the particular kind of timber used. The deflection for live load is 
computed, using the full value of the modulus of elasticity. The total deflection 
to be expected is the sum of the two partial deflections. 

In buildings where floors carry much heavier loads, as warehouses, lofts, ete., 
the flooring is usually 114 in. thick as a minimum. If such a building has no 
ceiling, the spacing of joists may profitably be increased over 16 in. In general, 
the most economical floor will occur with short spans for joists and girders, and 
consequently small size joists. On the other hand, many other factors enter 
which may warrant longer spans for both joists and girders, and the most impor- 
tant of these factors is the advantage of having as few posts inside of a building 
as possible. In the framing of the first floors of buildings where such floors are 
but a few feet off the ground, it will usually be found, for example, that for a live 
load approximating 100 lb. per sq. ft., the most economical system of framing 
will be 6 X 6-in. posts, 6 X 8, or 6 X 10-in. girders, 2 X 8-in. joists, the floor bays 
being approximately 10 X 10 ft. In the above statement, it is assumed that the 
footings rest on the soil; for pile foundations the situation would be entirely 
different. In the latter case economy will dictate the use of long spans to utilize 
the full capacity of pile. 

Comparing 2-in. joists with 3-in. joists of equivalent strength, it may be 
pointed out that, since the actual finished thickness of a 3-in. joist when surfaced 
one side is 25¢ in., and the finished thickness of a 2-in. joist is 15g-in., the loss of 
strength by surfacing is 18.75 per cent in a 2-in. joist and 12.5 per cent in the 3-in. 
joist, or an economy of 6.25 per cent for the 3-in. joist, although the price of the 
3-in. timber will be slightly higher than the 2-in. stock. Only a comparison of 
several schemes for an actual case will indicate the cheapest construction. 

For proper spiking the thickness of joist should be somewhat greater than the 
thickness of single floor spiking to it. Using floor boards of 2-in. thickness, the 
joists should be 3 in. thick. 

42b. Bridging.—Bridging consists of timbers placed between joists 

= to support them laterally. Bridging is either solid or 

of the cross or herring-bone type. The latter 

method, shown in Fig. 169, is the more effective of 

Fic. 169.—Detail of her- the two types, since it not only supports the joists 

ring-bone bridging. laterally, but, in the event that a concentrated load 

comes on one joist, the bridging will effectively assist the flooring in distributing 
a portion of the load to the joists at either side. 

For joists 2 X 10 in. and under, cross-bridging 1 X 4 in. or 1 X 3 in. will be 
sufficient. For joists 2 X 12 in. and larger, the cross-bridging should be at 
least 2 X 3 in., and for the larger sizes of joists, 2 X 4 in. 

Solid bridging consists of pieces of planks of the same depth as the joists, 
cut and fitted between the joists. Solid bridging should never be less than 2 in. 
thick. 
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All bridging should be neatly and snugly fitted between the joists and well 
nailed thereto. It should be continuous throughout a line of joists having a 
common span. Cross-bridging should be placed at intervals not to exceed 8 ft. 
All joists should be solid bridged over supports. 

42c. Arrangement of Girders.—With a rectangular floor bay, the 
economical arrangement of girders and joists is to make the girders span the short 
side of the rectangle, the joists taking the longer span. 

For general stiffness of the building, the girders, where possible, should run 
parallel to the transverse axis of the building. It may be advisable, if clearances 
will permit, to use knee braces from girders to columns, but in any case the span 
of girder should always be taken as the distance between center lines of end 
bearing on columns or walls. Knee braces should preferably be fitted or attached 
to girders and columns after the full dead load of floor is in place; otherwise even 
the slight deflection of girder may put heavy bending stresses in the columns. 

Openings for stairs, etc., make the case of non-uniform loading more likely to 
be encountered in the case of floor girders than in the case of joists. 

If double girders are necessary, an air space should be left between them, and 
the two girders connected at short intervals, say 2 ft., 
by pairs of bolts, using cast-iron separators between 
the girders. This air space is necessary to prevent 
dry rot taking place, although for fire protection such 
air space is undesirable. 

42d. Connections to Columns.—To pre- 
vent the girders in falling from pulling the columns 
with them, in case of fire, standard practice recommends 
that the attachment of girders to columns be made 
self-releasing. The writer believes, however, that in 
the event of a fire serious enough to burn through the 
girders, the interior posts of the building are almost Fic. 170.—Details of 
certain to fall. For this reason, where it is necessary Cconnection—timber joists 
to secure lateral stiffness in a building, he believes ae laa 
it well to design the connections of girders to columns, and joists to columns, 
relatively strong, providing continuity across the columns. Details of such con- 
nections are discussed in the volume on Structural Members and Connections. 

42e. Connections to Walls.—All girders and joists entering masonry 
walls should rest upon steel or iron bearing plates, well painted. An air space 
should be left around the ends of the joists and girders. In order to allow the 
girders or joists to fall without pulling the walls over in case of fire, the ends 
of the timbers are usually cut back, as in Fig. 170. For tying the girders and 
joists into the walls, iron or steel anchors are used, as illustrated in Fig. 170. 
These anchors should be approximately 14  14-in. straps, one end forged into a 
lug to fit into a notch in the upper side of girder. The portion within the wall 
may be bonded into the masonry. Sometimes an anchor consisting of a round 
rod is passed through the wall, and is fitted with an exterior ornamental cast-iron 
washer on the outside. The other end of the rod may be forged into a flat strap 
with a lug as before. 


itt 


1JIn mill construction, this air space is considered objectionable by many since it 
forms a concealed space, which, in the event of fire, cannot be reached by water from 
the sprinklers. 
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Every girder should be anchored into the wall. In the case of joists, at least 
every sixth joist should be so anchored. Building ordinances usually prescribe 
in detail the size and arrangement of wall anchors. 

Joists, closely spaced, entering a masonry wall weaken the walls. Further, 
unless very careful inspection is maintained, one can never be certain that proper 
air spaces will be left around the timbers entering the wall. For this reason, there 
have been developed wall boxes, made of malleable iron, steel, and cast iron, which 


Fic. 171.—‘‘Ideal’’ Fig. 172.—‘‘Ideal’’ wall box. 
double steel hanger, style 
B. 


Fie. 173.—Du- Fie. 174.—Duplex wall Fie. 175.— Duplex wall 


plex heavy duty box. plate. 
malleable joist 
hanger. 


Fie. 176.—Duplex wall Fie. 177.—‘‘Ideal’’ joist 


hanger. hanger. 


insure an air space around the joist or girder, and at the same time allow the 
timber to be self-releasing in case of fire. The tie between timber and wall is 
secured by a lug on the base of the anchor which engages a notch on the under side 
of joist or girder. Typical box anchors are shown in Figs. 171 to 174 inclusive. 
Figure 175 shows a Duplex wall plate. 

A third method for support of joists and girders is the wall hanger shown in 
Figs. 176 and 177. With the wall hanger, no hole is left in the wall. Since the 
joists and girders with this device extend only to the inner surface of the wall, 
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a saving in timber is made. Since lumber comes in lengths of multiples of 2 ft. 
only, the use of the wall hanger as compared to the box anchor may mean a 
saving, in many cases, of 2 ft. in the length of timber—a very considerable item. 

42f. Typical Floor Bay Design.—The following example will illus- 
trate the necessary computations for designing the joists and girders of a typical 
floor bay. The framing plan of the bay is shown in Fig. 178. 

Data: Office floor; partitions 2 X 4 in., plastered both sides, 12 ft. high; 
flooring double, under floor rough 1 X 6 in., upper floor 1 X 4 in., T & G; ceiling 
plastered; joists 16 in. on centers; live load for joists, 60 lb. per sq. ft.; live load 
for girders, 48 lb. per sq. ft.; live peee for stairs, 75 lb. per sq. ft. 


<a = 
zzz Trimmer C-8% 


T 
(I 


Fia. 178.—Framing plan of typical floor. 


For approximate dead load, call flooring 2 in. thick at 3 lb. per board foot; 
assume joists 2 * 16 in.—16 in. on centers; allow 1 lb. per sq. ft. for bridging; 
assume plaster ceiling weight 5 lb. per sq. ft.; assume girder weight as 2 lb. per 
sq. ft. 

Timber: Douglas fir, dense structural grade, all timbers to be taken as S1S1E,! 
working stress 1,800 lb. per sq. in. in flexure and 175 lb. in horizontal shear. 


Joists Girders 
Loadings: : 
LO ORTED feet eeetnt teas Sick Ache Sa oo «8 1 6 6 
JOISUR 9 oo vite th Tra Nelel Siete x «stores le te 6 6 
BTEC GIN Grete. os aaa ct eiiaie ste gene Hore y 1 1 
(Genin Git Mise Herat Fa torstob cpeleaselsees lease 5 5 
(rigs sie ee anaes aOR eS err tena ine sre 0 2 
ML OPRILCLC ACI ORG st Me hae ber chtralel saiaelee nieces = 18 20 
Ney CNOA Cay tise ected eS a es 60 48 
Total dead and live load................ 78 lb. per sq. ft. 68 lb. per sq. ft. 


Typical Joist A—Span 20 ft.; load = (20)(144)(78) = 2,080 lb. It is found 
(see volume on “‘Structural Members and Connections’’) that a 2 X 12-in, joist 


1 Surfaced one side and one edge. 


98 STEEL AND TIMBER STRUCTURES [Sec. 142f 


on a 20-ft. span will carry 2,149 lb., limited by bending. The load producing a 
deflection of 440 in. per foot of span is 1,236 lb., so that a deeper joist must be 
chosen. Since for dead load a modulus of elasticity may be used of only 34 of that 
used for live load, the dead load of 18 lb. per sq. ft. will be multiplied by the factor 
44 giving 24 lb. per sq. ft., making a total loading of 84 Ib. per sq. ft., and a total 
load of 2,240 lb. to be considered as producing deflection. Again, entering the 
tables it is found that the safe load for a 2 X 14 in., as limited by deflection, is 
2,153 lb. This load, while slightly under the required loading, will be taken as 
satisfactory, and 2 X 14-in. joists used. 

Typical Joist B—Since the ceiling must be continuous, the same size of joists 
will be continued for the shorter span. 

Header H.—The load coming on this beam from the floor is a girder load. 
Consequently, the uniformly distributed floor load = (14)(8)(68) = 7,616 Ib. 
The partition lumber will weigh 18 lb. per lin. ft. (see Table 9). Adding plaster 


SS 
LLL 


lithe Fe= 
605£ Ib. 3354 Ib, 
Fig. 179.—Diagram of loads on Trimmer C. 


for two sides at 5 lb. per sq. ft. per side, gives a total load per linear foot of 18 + 
(12)(10) = 138 lb. The partition load on the header therefore = (14)(138) = 
1,930 lb. Total load on header = 9,546 lb. It is found that a 4 X 14in. 
timber on a 14-ft. span will carry 9,764 Ib. in bending, and 9,415 lb. as limited for 
deflection. Again reducing the dead load to equivalent live load, we have, 


(14)(8)(20)(144) = 2,987 

(1,930)(13g) = 2,570 

Live load = (14)(8)(48) = 5,370 
10,927 Ib. 


This load is 16 per cent in excess of the limiting load for deflection fora 4 X 14 in. 
On the other hand, the safe load as limited by deflection for a 6 X 14 in. is 13,808 
lb., which is 47 per cent too heavy, and the actual span is 13 ft. 8 in. instead of 14 
ft.0in. A4 X 14 in. will therefore be used. 

Trimmer C.—Uniform partition load = (138)(20) = 2,760 


(20) a )(78) 


Uniform floor load = = 1,040 


Total ee load = 3,800 lb. 
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TaBLE 9.—Srup Partitions! 
Weight and strength based on actual size 
Board measure based on nominal size 
Add weight of plaster or ceiling 
Single plate top and bottom included, same size as studs 
Sare Loap Basep on Srups Betna BRIDGED AT CENTER 


Per linear foot of partition 


Distance on Height 


Nominal size | Actual size centers (ft.) 

(in.) ; Safe load Weight Board 

(Ib.) (Ib.) ft. 
2x4 15g X 354 3,723 16.30 6.66 
3,180 19.56 8.00 
2,631 22.82 9.33 
2,793 13.04 5.33 
2,385 15.50 6.33 
1,974 18.00 ete 
2X6 5,767 25.30 10.00 
4,926 30.56 12.00 
4,076 35.42 14.00 
4,326 20.24 8.00 
3,699 24.03 9.50 
3,057 27.83 11.00 
2 6 8,568 33.20 12.50 
ibe 7,767 39. 84 15.00 
6,871 46.48 17.50 
6,426 26.56 10.00 
5,825 31.56 12.00 
5,153 36.52 13.75 
11,388 41.00 15.00 
cad 10,516 49.20 18.00 
9,689 57.20 21.00 
8,541 32.80 12.00 
7,887 38.95 14.25 
7,267 45.10 16.50 
7,692 33.80 13.33 
egg 6,570 40.56 16.00 
5,436 47.32 18.66 
4,315 54.08 21.33 
5,769 27.04 10.66 
4,927 32.11 12.66 
4,077 37.18 14.66 
3,236 42.25 16.66 
11,429 44.30 16.66 
BX 8 aa x 978 10,361 53.16 20.00 
9,165 62.02 23.33 
8,066 70.88 26.66 
8,572 35.44 13.33 
Ov ee 42.08 15.83 


256 X 7h 


1 From the Southern Pine Manual. 


100 STEEL AND TIMBER STRUCTURES [Sec. 1-42f 


Since there is a concentrated load on this header, also a portion of a uniform load, 

in addition to the uniform floor load figured above, we will compute the maximum 

bending moment. Figure 179 represents the actual loadings diagrammatically. 
The live load acting as a concentration (the reaction of Header /) is a girder 

load for which a 20 per cent reduction may be taken from the live load for joists. 
The concentrated load at P is, therefore, 


Floor = (7)(8)(68) = 3,810 
Partition = (138)(7) = 966 
4,776 lb. 


The portion of uniform load on the trimmer not yet considered = (78)(16)(?4) = 
830 lb. 
Bending moments and reactions: 
Uniform load of 3,800 lb. 
M = (3¢)(8,800)(20) = 9,500 ft.-lb. 
Ry — Re = 1,900 lb. 


Concentrated load: 
_ (4,776) (16) 


Ri 39 = 3,820 
_ (4,776)(4) 


4,776 lb. 
M = (8,820)(4) = 15,280 ft.-Ib. 


Small uniform load: 


_ (830)(8) _ 
_ (830)(12) 
R.= Gan: 498 lb. 


M = (882)(4) = 1,328 ft.-lb. (approximately) 


Figure 180 shows the bending moment curves plotted graphically. 

The construction of the parabola of uniform moments is simple, a rectangle 
being erected on the span with a height of 9,500 ft.-lb. to scale. The ends and 
half spans are divided into the same number of equal parts (in this case 4), 
ordinates erected on the span length at these division points, and radiating lines 
drawn from the center of upper side of rectangle to the division points on the sides. 
The intersection of corresponding radiating lines and ordinates fixes points on the 
parabola. The triangle of moment for the concentrated load is indicated by 
the dotted line. This triangle is increased for the moment of the small uniform 
load (increase in moment = 1,328 ft.-lb. at a point 4 ft. from left support). 
The moment of the small load is also computed at a point 8 ft. from the right 
end of trimmer. M = (12)(832) — (4)(415) = 2,324 ft.-lb. The ordinate to 
the triangle of the moment of P is therefore increased by 1,328 ft.-lb., and the 
full line drawn to represent the increased bending moment, passing through the 
point 8 ft. from left support that represents the increased ordinate of 1,328 ft.-lb. 
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From the diagram, the maximum bending moment is 22,680 ft.-lb. Since 
the depth of floor construction is limited to 14 in., it is evident from the computa- 
tions for the joists that a fiber stress of 1,800 Ib. per sq. in. cannot be used without 
exceeding the allowed deflection. In the case of Joist “A” a 2 X 14-in. joist 
was used when for strength a 2 X 12 in. was found to be satisfactory. The ratio 


ae Ge ee 
of the strengths of these two joists is 2149 In other words, the fiber stress 


: LPT, : 2,149 

in the 2 X 14in. joist approximately = (si00) (1,800) = 1,215 lb. per sq. in. 
A fiber stress of 1,200 lb. per sq. in. will therefore be used for an approximate solu- 
tion. An 8 X 14-in. beam, sized to 7144 X 1314, has at 1,200 lb. per sq. in. a 
safe resisting moment of 22,781 ft.-lb., which is satisfactory. 


Trimmer. C-Moamnent oF Trimmer D- 
Total uritorm load of 3800 Ib. Uniform load arly 


*K - : 
ies ane hae. 
ows = > 
a8) by are , a 
iS 8 = 
Se 
SN, 
S : aie 
z= *. (Trimmer C- Moment of 
a oncentration(4776 1b). 
Trimmer D- 
Moment of concentration 


Fig. 180.—Diagram of bending moments for Trimmers C and D. 


Trimmer D.—The calculations for Trimmer D are similar to those for Trimmer 
C. No uniform partition load occurs on the trimmer. However, there exists a 
stair load at the left-hand end. The dead and live load for the stairs will be 
assumed at 75 lb. per sq. ft. [(L. L. 75)(80 per cent) + (D. L. 15)] = 75 Ib. per 
sq. ft. The reaction of the stairs will therefore = (7)(4)(75) = 2,100 lb., carried 
by two stringers. Only the reaction of one stringer, applied 4 ft. out from the 
left end, need be considered. This concentration, added to the concentration 
from Header H, gives a total concentration of 4,776 + 1,050 = 5,826 lb. 
For simplicity it will be assumed that Trimmer C takes a load equal to that of 

Joist A,” or 2,080 Ib. E 


M = (1%)(2,080)(20) = 5,200 ft-lb. Ri = Rz = 1,040 lb. 


Concentrated load: 


Rk, = eae) = 4,660 lb. 
20 ; 
_ (6,826)(4) _ 
Bases atone = 1,165 lb. 


M = (4,660)(4) = 18,640 ft.-lb. 


The diagram for bending moments is shown by the dot and dash lines in Fig. 
180, The maximum bending moment is approximately 22,800 ft.-lb., so an 
8 X 14-in. timber will be used, 
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The maximum vertical shear is 5,700 lb. The maximum intensity of horizon- 
1, 

tal shear is therefore Pougice = 86 lb. per sq. in., which is well within the 
permissible unit stress. 

43. Roof Construction. 

43a. Thickness of Sheathing.—Except in mill construction, the 

thickness of roof sheathing is seldom over 1 in. nominal, or 13g in. finished. For 
roofs with a finish of tar or asphalt and gravel, or prepared roofing, either built 
up on the job or ready roofing, the sheathing should be dressed and matched and 
of good quality, not less than No.2 Common. The span of sheathing of this size 
is usually limited by deflection, rather than strength, although the strength 
should always be investigated. Roofs are always walked upon at some time or 
another, and appreciable deflection of the sheathing will tend to break off the 
tongues of tongue-and-grooved lumber. Shiplap, instead of tongue-and-grooved 
lumber, may be used. The two sections are shown in Figs. 181 and 182. 


” 


RT 


HELLS Kes 


| 


Fig. 181.—Section of 1 X 4-in. tongue Fia. 182.—Section of 2 X 6-in. shiplap. 
and grooved flooring. 


43b. Spacing of Roof Joists.—If the roof joists support the ceiling 
also, their spacing should not exceed 16 in., as this is the limiting span for wooden 
laths with plaster ceiling. 

On the Pacific Coast, where no snow, or at most very light snow occurs, the 
spacing of roof joists, when no ceiling must be provided for, is commonly taken 
at 24\in., and in cheap construction the spacing is made 32 in. 

43c. Arrangement of Girders or Trusses.—The arrangement of 
girders and trusses is a matter worthy of study in any building. Usually there 
are requirements of interior arrangement which dictate the spacing of columns. 

Trusses are most economically spaced at approximately 16 to 20 ft. Three 
methods of framing the roof joists or rafters may be adopted: (1) supporting the 
joists directly on the upper chords; or (2) placing roof girders or purlins at the 
panel points of the trusses, and spanning the bays between purlins by light rafters; 
or (3) providing purlin trusses at certain panel points and spanning between the 
purlin trusses by means of rather heavy rafters, or roof joists. There are, natu- 
rally, advantages and disadvantages to each system. Considering vertical loads 
above, the particular building involved may carry with it some special reason for 
adopting one method in preference to the others. From the standpoint of cost 
alone, it will usually be found upon investigation that, if the different systems 
are designed correctly and consistently, there will be little difference in cost. In 
some localities, the relatively high price of steel compared to lumber may warrant 
a minimum of truss work and the employment of larger sizes of lumber. In 
other localities the cost of securing the larger sizes of joists may make small 
spans advisable. No hard and fast rule can be laid down. 
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43d. Bracing Trusses.—Bracing trusses are a necessity in long truss 
spans; in fact, the writer recommends that all roof trusses over 20-ft. span be 
provided with at least one bracing truss, and that, in general, bracing trusses 
be placed at a spacing not greater than 15 or 16 ft. The bracing trusses may be 
utilized as purlin trusses if properly proportioned. They should be of the full 
depth of the main truss, and well connected thereto. The compression chord of a 
main roof truss needs to be supported laterally for column action; the lower chord 
should also be stayed laterally for general stiffness of the building, if for no other 


Fic. 183.—Detail of typical roof bracing truss. 


reason. Such bracing trusses may be made up of dimension lumber and spiked 
or bolted together, and thus give a comparatively cheap and, at the same time, 
effective construction. A typical example of such a bracing truss is shown in 
Fig. 183. Attention is called to the ‘‘7’” section of chords, also to the details 
for connection to the main trusses. 

Another method for providing general stiffness in the roof framing is shown in 
Fig. 184. In this detail the roof joists are doubled at certain intervals; braces or 
struts are framed between the double joists, and the bottom of these struts 
fitted against and attached to the lower chords of the truss. 


LeMe-F-O Soices~., 2-242" foot joists 


Fic. 184.—Knee brace system of truss bracing. 


The actual stresses coming upon a bracing truss are usually indeterminate. 
With study of the roof-framing plan, however, a definite scheme of wind bracing 
may be provided, in which the bracing trusses will play a vital part. The whole 
roof, or one side of the roof, may be regarded as a horizontal beam, or truss, trans- 
ferring the wind reactions delivered thereto from the side walls to the end walls, 
or to columns and walls. Following out this scheme, diagonal rods may be placed 
in the plane of the upper chords of the roof trusses. 

Figure 185 shows an arrangement of roof trusses, bracing trusses and diagonal 
rods for an assumed small building of the mill-building type. When the length 
of a building is three or more times its breadth, and such building is only moder- 
ately high, the diagonal rods may very frequently be omitted in some of the outer 
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side bays. It may also be possible, without endangering the rigidity of the build- 
ing, to make some of the lines of bracing trusses non-continuous throughout the 
length of the building. For example, in Fig. 185, were the building twice as long 
as shown, it might be entirely consistent with safety to omit alternate bracing 
trusses in the first and third lines, keeping the center line of bracing continuous. 
It must be obvious that the exact arrangement of bracing in a roof is almost 
entirely a matter of judgment, but judgment based on an understanding of the 
fundamental principles of structural mechanics and experience in design and con- 
struction. While it is granted that the actual stresses in a roof due to wind are 
impossible to find, an assumption of a reasonable wind pressure and a definite 
and logical system of bracing consistently followed out in all details will insure a 
much safer structure than a ‘‘hit-or-miss” or ‘‘rule-of-thumb” procedure, and 
will also result in a more economical building than one composed of heavier sec- 
tions, poorly braced. 


POORER 
rer kX 
REE x 
VAVAVAVAVAVAVAVAVAVA 
Fig. 185.—Diagrammatic plan of typical Fre. 186.—Typical details of connection of 
roof bracing. bracing rods to upper chord of roof truss. 


Two typical details of connections of such diagonal rods to the roof trusses 
are shown in Fig. 186. In Fig. 186 (a) the rods are passed through holes bored 
diagonally through the chord, and fitted with special beveled cast-iron washers. 
In Fig. 186 (6) a steel plate is lag-screwed to the chord, and connection between 
plate and rods is secured by means of clevises and pins. If the roof joists are 
supported directly upon the upper chord, these plates will probably have to be 
attached to the lower side of chord. In such a case, the plates should be fastened 
to the chord while the truss is on the ground. It may be taken for granted that 
such connection, if made after the truss is erected, will be poor. It is difficult, 
at best, to make a carpenter screw lag-screws into place, and it is almost certain, 
if placed by a man on a scaffold, that the work will be poorly done. 

Obviously, the system of diagonal bracing rods just described may be placed 
in the plane of the lower chords of the trusses, provided that bracing trusses exist 
to form the chords of the wind resisting truss. Provision must be made for 
supporting the rods to prevent them from sagging. 

Diagonal rods in the plane of the roof framing, placed in the outer bays, are 
an excellent thing; they enable the building to be “‘squared up” and will do much 
to prevent racking of the roof due to wind, with possible consequent breaking of 
skylights. Re-tightening of these bracing rods will be necessary from time to 
time as shrinkage of the timber takes place. 
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48e. Saw-tooth Roof Framing.—Saw-tooth roofs are constructed 
with inclined or vertical faces, the former being perhaps more generally used than 
the latter on account of better diffusion of light. From the standpoint of maxi- 
mum efficiency in diffused lighting, the saw-teeth should face north with the faces 
inclined at an angle of 25 to 30 deg. with the vertical. 


a 


oe Standard jorst hanger 
4 \ standard pest cap 


Cross-section through typical saw-tooth. Partial elevation of saw-tooth. 
Fic. 187. 
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Fig. 188.—Detail of saw-tooth frame Fig. 189.—Detail of saw-tooth frame— 
inclined face with pipe ties. vertical face with pipe ties. 


Fig. 190.—Detail of saw-tooth frame—in- Fie. 191.—Detail of saw-tooth frame— 
clined face with timber ties. vertical face with timber ties. 


The saw-tooth with vertical face is somewhat easier to construct and is less 
likely to give trouble through leakage and condensation than the inclined face 
construction. In the latter type, there should be no horizontal mullions in the 
windows, since water would stand on these and eventually leak through. Fur- 
ther, condensation will tend to take place on the inner side of the inclined glass 
and drop vertically on the contents of the building. 
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In both types of construction, careful attention must be given to the design 
of the windows, whether fixed or movable sash. The flashing should run under 


btm 


- 


the window sill and form an inside condensation gutter discharging into conduc- — 


tors. Double glazing is sometimes employed in the more northerly latitudes on 
account of its non-conducting qualities. 

Some typical details of saw-tooth roofs are shown in Figs. 187, 188, 189, 190 
and 191. 

The roof planking should be at least 3 in. in thickness, tongued-and-grooved 
or splined, spanning 8 to 10 ft. between the inclined roof beams. The valleys 
between the saw-teeth should have an inclination of not less than 14 in. to the 
foot, and the conductors should be spaced not more than 50 ft. apart. The con- 
struction of the sloping valleys is easily accomplished by blocking between the 
structural members of the frame. 

Figure 187 illustrates a typical construction with inclined faces. The roof 
joists are supported at their upper ends on inclined posts, and at their lower ends 
by joist-hangers on the roof girders. Tie rods are shown at the foot of each 
inclined roof beam to prevent the roof from spreading. While the construction 
shown in this figure may be termed standard, objection can be raised (1) to the 
use of joist-hangers, (2) to the use of small tie rods exposed to fire and tending to 
sag, (3) to the absence of any horizontal members at the top of posts to take 
thrust, and (4) to the absence of general stiffness of frame to horizontal forces. 

In Figs. 188 and 189 the above objections are largely met by bringing the 
inclined roof beams to rest on the top of the girders and the substitution of pipe 
ties between the roof girders. These pipe ties, fitted with standard flanges 
and bolted through the girders, have the advantage over rods of being able to 
take both tension and compression and also of not requiring hangers to prevent 
them from sagging. These pipes, however, must be of fairly large size in order 
that they may be of value as compression members. The ratio of length of mem- 
ber to radius of gyration should not exceed 175. This construction, however, still 
gives,metal exposed to fire. 

Figures 190 and 191 illustrate an all-timber type of construction. These 
details, drawn for both the inclined and vertical face types of saw-tooth, furnish 
a simple and effective construction. A somewhat higher building is required by 
this construction than with that of Fig. 187 but the general stiffness gained, 
and the absence of exposed metal, will more than offset the cost of increased height 
of walls. 

44. Mill Construction..—The preceding discussion in this chapter has related 
to timber framed floors and roofs in general. This article treats very briefly and 
in a general way of the special type of construction known as ‘“‘ Mill Construc~ 
tion,” or “Slow-burning Mill Construction,’’ so-called because it was developed 
for use in factory or mill buildings in the New England states. In this construc- 
tion all timbers, as posts, girders, and joists, are made of large section; joists are 
eliminated as far as possible, by substituting a heavy thick floor sufficient in 
strength to span some feet. The result gives a building having large areas of 
flat ceilings, and heavy solid masses of timber in girders and posts. Such a 
structure in case of fire tends to char rather than burn, and all parts are easily 


1 See also the following chapter, 
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reached by the water from the automatic sprinklers. This type of building, 
properly sprinkled, takes a comparatively low insurance rate. 

In the bulletin, ‘Heavy Timber Mill Construction Buildings,” published by 
the Engineering Bureau of the National Lumber Manufacturers Association, 
mill construction is divided into three classes as follows (see Figs. 192 to 196 
inclusive): 

1. Floors of heavy plank laid flat upon large girders which are spaced from 8 
to 12 ft. on centers. These girders are supported by wood posts or columns 
spaced from 16 to 25 ft. apart. This type is often referred to as “Standard Mill 
Construction.” 


Fie. 193.—Mill construction with laminated floor. 


2. Floors of heavy plank laid on edge and supported by girders which are 
spaced from 10 to 20 ft. on centers. These girders are supported by wood posts 
or columns spaced 16 ft. or over apart, depending upon the design of the structure. 
This type is called ‘‘ Mill Construction with Laminated Floors.” 

3. Floors of heavy plank laid flat upon large beams which are spaced from 4 
to 10 ft on centers and supported by girders spaced as far apart as the loading 
will allow. These girders are carried by wood posts or columns located as far 
apart as consistent with the general design of the building. A spacing of from 20 
to 25 ft. is not uncommon for columns in this class of framing where the loading is 
not excessive. This type is more generally known as ‘‘Semi-mill Construction.” 

The following clauses from the Building Code recommended by the National 
Board of Fire Underwriters also define in detail the timber construction classed 
as mill constructions: 
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Definition — Mill”’ Construction (also called ‘‘Slow-burning Construction”’) 
is a term applied to buildings having masonry walls and heavy timber interior 
construction with no concealed spaces. Such buildings are usually occupied for 
factory purposes, and should always be protected by a system of automatic 
sprinklers. 

Columns. 

(a) Wooden columns shall be not less than 8 in., nominal, in any dimension. 
All corners shall be rounded or chamfered. 

(b) Column and girder connections shall be of fire-resistive construction or 
protected by approved materials and methods having a fire-resistance rating ~ 
of not less than 1 hr. Wooden bolsters may be used only to support roofs. 


Fra. 195.—Semi-mill construction, beams on top Fre. 196.—Detail of column 
of girders. and girder construction with 
cast-iron pintle. 

(c) Steel and cast-iron columns may be used, if protected as follows: Iron 
and steel columns placed within exterior walls or along the outer lines of a building 
shall be protected by approved masonry not less than 4 in. thick, provided the 
interior faces may be protected as hereinafter specified for columns in the interior 
of the building. For the protection of iron or steel columns in the interior of a 
building, brickwork shall be not less than 334 in. thick; concrete shall be not less 
than 2 in. thick; hollow clay tile shall be not less than 2 in. thick, and, when 
single-shell tile is used, it shall be plastered on the exposed surfaces with gypsum- 
mortar or cement-mortar at least 14 in. in thickness, or, when double-shell tile 
is used, it may be unplastered; poured gypsum or solid gypsum block shall be 
not less than 2 in. thick, and cored gypsum blocks not less than 3 in. thick. The 
fireproofing material shall be in contact with the member to be protected, or the 
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‘spaces between the fireproofing and the member to be protected shall be filled 
with concrete or mortar. No fireproofing material for the protection of iron or 
steel columns shall be less than 2 in. thick in any case, provided the outer edges 
of lugs and brackets may extend not nearer than 114 in. to the outer surface of the 
protecting material. 

(d) Columns shall not rest on floor timbers; nor shall they rest on masonry 
foundations unless stone, cast-iron or steel bases are used to transmit their loads. 

Beams and Girders. 

(a) Beams and girders of wood shall be not less than 6 in. in least dimension 
or less than 10 in. in depth. If built up of two or more pieces, they shall be 
properly bolted together and precaution shall be taken to prevent decay of contact 
faces. 

(b) Wall plates, boxes of self-releasing type or approved hangers, shall be 
provided where beams or girders rest on walls. 

(c) Where girders meet columns, they shall be fitted around them or butted 
up close to them. The ends of girders shall be held in place by steel or iron 
straps, spiked, bolted or lag screwed on their sides unless the post caps have 
sides projecting upward that can be lag screwed to the girders. 

(d) Where intermediate beams are found necessary for the support of a floor, 
they shall rest on top of the girders; or they may be supported by approved steel 
or iron hangers into which the ends of beams shall be closely fitted. Interstices 
between beams framed together shall be filled in with a preservative compound. 

(e) Steel beams, girders, lintels and trusses may be used if protected as 
provided in this article for fireproof construction or semifireproof construction. 

(f) Wooden beams and girders supported by walls shall have at least 8 in. 
of masonry between their ends and the outside face of the wall. Where beams 
enter walls from opposite sides, there shall be at least 8 in. of masonry between 
sides of adjacent beams. 

Floors. 

(a) Floors shall be constructed of splined or tongued and grooved plank not 
less than 3 in. in thickness, covered with 1-in. flooring laid crosswise or diagonally; 
but this shall not preclude the use of laminated floors, consisting of planks not 
less than 4 in. wide, set on edge close together and spiked at intervals of 18 in. 
In laminated floors the planks shall be laid with broken joints so that no con- 
tinuous line will occur across the floor. Laminated floors shall not be spiked 
to the supporting girders. Joints of the planking shall be over supports or at 
the quarter points with no more than two-thirds of the joints at such quarter 
points. Joints between planks shall be perfectly tight. 

(b) Flooring shall not extend closer than 14 in. to walls, and the space thus 
left shall be covered by a molding that will not obstruct an expansive movement 
of the floor due to wetting, or the masonry may be corbeled under the floor planks 
to cover this space. 

(c) Floors shall have the least possible number and amount of openings, and 
these shall in all cases be protected by shafts or in some other approved manner. 

Roofs. 

(a) Roofs shall be constructed the same as floors except that the plank shall 
be not less than 214 in. thick, and beams supporting the roof shall be not less than 
6 in. in either dimension, 
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Power Drives. , 

(a) All belt or rope drives used to transmit power from one story to another 
shall be located in belt towers. Such towers shall be constructed as shafts. Shaft 
holes and belt-drive holes through walls shall be protected with self-closing doors. 

Partitions. 

(a) In buildings of heavy-timber construction, fire partitions, if required in a 
story as a horizontal exit, shall be continuous through all stories from the founda- 
tion to the roof. 

(b) Such fire partitions shall be deemed continuous, even though the several 
parts are not directly over one another in successive stories if the intervening parts — 
of the floors at the levels where offsets occur are unpierced and of fireproof 
construction or semifireproof construction and all parts not supported directly 
on the foundations are carried on fireproof construction. 

Condition of Timber. 

Wood used in heavy-timber construction shall be thoroughly seasoned and 
dry and shall be installed in such manner as to prevent dry rot or rapid decay. 
No paint or finish of any kind shall be applied until timbers are thoroughly 
seasoned. 

The following description of laminated floors is taken from the bulletin of the 
National Lumber Manufacturers Association referred to above: 


If heavy loads are to be carried on long spans, planks 6 or 8 in. wide are set on edge close 
together, firmly nailed at each end and at about 18-in. intervals with 60-D nails, alternating 
top and bottom, thus forming a ‘‘laminated floor.’’ Each of these floors is covered with 
two or more thicknesses of waterproof paper or similar material and then by a top, or 
wearing floor laid at right angles to the direction of the underfloor. Material is surfaced 
on all sides and edges of plank beveled to serve as a finish on the ceiling below. 

Where plank floors are laid flat, the boards should be two bays in length if possible and 
laid to break joints every 4 ft. With laminated floors, it may be difficult to obtain plank 
bays in length. In such a case, the planks may be laid with the ends extending between 
centers of girders with one plank laid across the girder at frequent intervals (every sixth 
or eighth piece) to act as a tie in the floor. Or, by another method, the ends of planks 
should join at or near the quarter point of the span between girders, taking care to break 
joints in such a way that no continuous line across the floor will occur. 

In laying laminated floors, it is advisable to omit the last two planks at walls until after 
glazing and roofing have been completed. Then these spaces should be filled in close 
against the walls. It is often recommended that laminated floors be laid without nailing 
to the girders which support the floor, so that expansion in the floors due to dampness will 
not cause movement in the girders at the walls. 

The top floor may be of softwood or hardwood as use demands. 'Tongued and grooved 
flooring is used almost entirely. Square-edged flooring is easier to replace when repairs 
are needed, but wears less around nails, thus making an uneven floor. Some of the best 
buildings have a double top floor, the lower part of softwood laid diagonally upon the plank 
under floor, and the hardwood upper part laid lengthwise. This latter method allows 
boards in alleys or passages to be easily replaced when worn, and the diagonal boards 
brace the floors, reduce vibration, and distribute the floor load evenly. The top floor should 
always be laid so that the length of the pieces is parallel to the direction of the traffic or 
trucking. Usually this is lengthwise of the building. 


When a laminated floor is constructed of material surfaced four sides, or of 
material surfaced two sides, there is great danger of dry rot, unless the lumber is 
thoroughly air seasoned or kiln dried. On account of this feature, many engineers 
prefer to use only rough lumber for laminated floors, the slight unevenness of the 
boards or planking providing enough air spaces to prevent dry rot. It is the 
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Taste 10.—Maximum Spans ror Timper Miut Fioors! 

Fiber stress 1,200, 1,300, 1,500, 1,600 and 1,800 lb. per sq. in.; modulus of elas- 
ticity, 1,600,000 lb. per sq. in. 

The sum of the live load and the weight of the floor was used in calculating the 
‘spans. 

» In the line marked deflection is given the span that has a deflection of 4%o in. 

per ft. of span. 

Made of planks on edge, laid close. 


Span in feet and inches 
Live load in pounds per square foot 


Fiber stress 
(ib. per sq. in.) 
50 | 100 125 150 175 200 225 250 275 300 350 400 
(3 in. nominal thickness—256 in. actual thickness) 
1,200 13- 8 101/91 8-4 7-9 7-3 6-10 6- 6 6- 3 6- 0 5-7 |52 
1,300 14-3 10-6 | 9 6 &- 8 8&1 7-7 7-2 6-10 6- 6 6- 3 5- 9 5-5 
1,500 15- 4 1l- 3 |10- 2 4 8- 8 8-2 = 8 7-4 7-0 6- 8 6- 2 5-10 
1,600 15-10 1l- 8 |10- 6 9-7 8-11 8-4 7-11 7-7 7-2 6-11 6- 5 6- 0 
1,800 16- 9 12- 4 |11- 2 |10-3 - 6 8-11 8-5 8- 0 7-8 7-4 6- 9 6- 4 
Defi. 90 7- 4 | 6-10 6- 514| 6— 14%4| 5-1014| 5- 8 5- 6 5- 4 5-2 | 411 4-816 
(4 in. nominal thickness—354 in. actual thickness) 
1,200 18- 5 13— 8 }12- 4 {11-5 |10-7 |10-0 9-5 9- 0 &7 8-3 7-7 7-2 
1,300 19- 2 14- 3 /12-11 {11-10 |11-0 |10-4 9-10 9-4 8-11 8-7 7-11 7-5 
1,500 20- 7 15- 4 /13-10 [12-9 /|11-10 |11-2 |10-6 {10-0 7 9- 2 8- 6 8- 0 
1,600 21- 3 15-10 |14- 4 |13-2 |12-3 j|11-6 /|10-11 [10-4 9-11 9- 6 8-10 8-3 
1,800 22- 7 16- 9 |15- 2 [13-11 |13-0 12-2 |11-7 |11-0 {10-6 |10-1 9-4 | 89 
Defi. 12- 214! 10—- 0 | 9— 434} 8-1014/ 8- 514! 8- 114| 7- 9%4| 7- 614] 7- 4 7- 144] 6— 944] 6- 6 


(5 in. nominal thickness—45 in. actual thickness) 


1,200 22-10 | 17-8 |15-7 |14-5 |13-5 |12-7 |11-11 |11-4 {10-10 {10-5 | 9-8 | 9-1 
1,300 23-10 | 17-11 |16-3 |14-11 |13-11 |18-1 |12-5 /11-10 |11-4 {10-10 |10-1 | 95 
1,500 25-7 | 19-3 |17-5 |16-1 |15-0 {14-1 |13-4 12-8 |12-2 {11-8 |10-10 |10- 2 
1,600 26-5 | 19-11 |18-0 |16-7 |15-6 {14-7 |13-9 |18-1 |12-6 |12-0 /|11-2 |10- 6 
1,800 28-0 | 21-1 {19-1 |17-7 |16-5 [15-5 {14-7 138-11 |18-4 |12-9 /11-10 |11-1 
Defi. 15— 314| 12- 8 |11-1014|11- 214/10— 814/10- 314] 9-11 | 9-7 | 9 4 | 9-1 | 8 74) 8-3 


(6 in. nominal thickness*—5) in. actual thickness”) 
EE ee ee Se a ee ee ee 


i oa ae 20- 3 |18- 4 |16-11 |15-10 [15-1 |14-1 [13-5 |12-10 |12-4 j|11-6 /10-9 
1 PM Ertan 21-1 |19- 1 |17-8 |16-5 |15-8 |14-8 |14-0 |13-4 |12-10 |11-1i |11-2 
StU | a 22-7 |20-9 {18-11 |17-8 |16-10 |15-9 |15-0 |14-4 |13- 9 /12-10 |12-0 
ND) Pa rsnetara ts 23- 4 |21-3 |19-7 |18-3 |17-5 |16-4 |15-6 {14-10 [14-3 |18-2 |12- 5 
BONO 8 Noises 24-9 [22-6 {20-9 |19-4 |18-5 |17-3 |16-5 |15-9 {15-1 |14-0 |12-2 
Ley Geer 14-11 {14-0 |13-3 |12-8 |12-2 |11-9 |11— 414/11- 044)10- 9 |10- 244) 9- 914 


1 From Southern Pine Manual. 
* Use for laminated floors when made of 6 X 6 pieces. 
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Taste 11.—Maximum Spans ror Timper LAMINATED FiLoors! 

Fiber stress 1,200, 1,300, 1,500, 1,600 and 1,800 lb. per sq. in.; modulus of elas- 
ticity, 1,600,000 lb. per sq. in. 

The sum of the live load and the weight of the floor was used in calculating the 
spans. 

In the line marked deflection is given the span which has a deflection of 140 in. 
per ft. of span. 

Made of planks on edge, laid close. 


Span in feet and inches 


Fiber Live load in pounds per square foot 
stress 
(Ib. per 
sq. in.) x 

100 125 150 175 200 225 250 275 300 350 400 

(6 in. nominal thickness*—55¢ in. actual thickness*) 

1,200 |20—- 818-9 |17-4 |16-2 |15-3 |14- 5 |13—-9 |13—-2 |12—- 8 |11-9 |11-0 
1,300 |21— 6/19- 6 |18-0 |16-10 {15-10 |15-0 |14—3 /|13— 8 |13—1 |12—2 |11-5 
1,500 |23— 1121-0 |19- 4 |18-1 |17-—0 |16-1 15-4 |14-8 |14-1 13— 1 |12-3 
1,600 |23-10/21- 8 |20-0 |18- 8 |17—7 |16-7 |15-10 |15-2 |14-7 |13-6 |12- 8 
1,800 |25— 3/23-0 |21~ 2 |19-10 |18-8 |17—8 |16-10 {16-1 15-5 |14-4 |13- 6 
Defi. 15— 3]/14— 314]13— 614|12-11}4]12— 54¢/12—- 0 /11— 739/11— 3h)11— 0 + |10— 544/10- 0% 


(8 in. nominal thickness—7}4 in. actual thickness) 


1,200 |26-10/24- 6 |22- 8 |21-2 |20-0 |19-0 |18-1 |17-4 |16-7 |15-6 |14-7 
1,300 |27-11)25- 6 |23—7 |22-1 j|20-10 {19-9 |18-10 |18-0 j17—4 |16-1 |15— 2 
1,500 |30—- 0)27—- 5 |25-4 |23-9 |22-4 |21-2 |20-3 |19-4 |18-7 |17-4 |16- 3 
1,600 |31— 0/28- 3 |26-2 |24- 6 |23-1 |21-11 |20-10 |20-0 |19- 2 |17-10 |16-9 
1,800 |382-10/30- 0 |27—9 |26-0 |24-6 |23—-3 |22-2 |21-2 |20-4 /|19-0 {17-10 
Defl. /20- 0/18-10 |17-1034|17— 1 |16— 534/15-10}4)15— 449/14-11 |14~— 614]13-10 /|13- 33¢ 


(10 in. nominal thickness—9 44 in. actual thickness) 


EDO? Beieds alsa Se.0 she ecko a ac vitetes oda Whlbw Re cee Ob eae On eee 20-10 |19-5 /|18- 3 
pat ey ee ee Se ae Ae ON ee. ee eee eco oe ep ee | 21-9 |20-3 |19-1 
Re TD Lp che. ated 3.0 +. siete anliecede Peicaressinlyeitidle idle toh (a em atrial Sib beers tz in ae 23-4 |21-9 {20-5 
DGS OOO! FA ada toil iso Nbr sa dias se le byndasd ool exandbe st tines ee retell es Aka ats | ekrasird yh Meee 24-1 |22—-5 |21- 2 
TABOO) MN Pel dhs ait helslainietch hileheaencrentibes inetd arciists Laks. cnt haute ieamertes 25- 7 |23-10 |22-5 
DIOL. callie sora} sce eis are eiera'|leare weispeitems sreateredh ttre ele d cies ccd inl le ie Gad eaneea  eeeeee 18— 334)17— 514/16- 94 
(12 in. nominal thickness—11}4 in. actual thickness) 
Peay . Nhs sl ook oe ei. Devs oh dence cies bs 'S wrivfellb. wie teint x [= Staratets telbo PEON A ak aos o 1c ervuaraieed 22-0 
pees edo eects Geen eT) eas PN as pc ney oe ely Sa ee tek ll ee 22-11 
DS GOOl ele ae a'tle ePavgline oh fie Gb: w: w5 | rvdy lr p cae NIG Bouter PRE Orel wiicereE Pae Ieee eh coe bree) aiblevec epee oc ehcnctane ne 24— 7 
pA eee eral (cee RMR re tues, eam a Gees cal oe kil, 2 EU Sal haart oll A ee 25- 4 
Ot eee eee RE eo ec Onin AC ns Nl eee nl ee ton ede eee (nee 26-11 
c DY: Pa eae eer re tr me renee, ep eres em Dee etme | (emer 93) SE) lieve a i 20- 2% 


* From Southern Pine Manual. 
* For 6 X 6 pieces, use table for Mill Floors (Table 10). 
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writer’s opinion that the rough flooring, besides being cheaper, will give additional 
security against the decay of the timber. 
Tables 10 and 11 give the maximum spans for timber mill laminated floors for 


thicknesses varying from 3 in. nominal to 12 in. nominal, fiber stresses from 1,200 


to 1,800 lb. per sq. in., and loads from 50 to 400 Ib. per sq. ft. 

In both these tables, the limiting span is given for a deflection of 140 in. per 
foot of span, based on a modulus of elasticity of 1,600,000. Since mill floors in 
general have no ceiling, the deflections taken from this table may be used directly, 
although, if the permanent deflection is desired, a reduced modulus of elasticity 
for the constant loads should be used. 


SLOW-BURNING TIMBER MILL CONSTRUCTION! 


Slow-burning mill construction? is the name applied to a long-used type of fire- 
resisting timber building common in New England, especially in textile mills. 
As now designed by the best mill engineers, it consists of brick walls, with heavy 
transverse wood beams, on top of which, for floors, are spiked thick planks at 
right angles to the beams, and these planks are covered with a top floor at right 
angles to the planks. The planks are grooved on both edges and so-called 
wood splines are tightly driven into the grooves of adjoining planks so that one 
plank will assist in the support of the next, thus stiffening the floor for isolated 
loads and preventing one plank from moving vertically relatively to the next 
(Fig. 198). The spaces between the beams or the ‘‘bays” should not be so wide 
as to require beams at right angles to the main beams, or any subdivision of the 
bays. A maximum bay width of 10 ft., except to accomplish a special object, is 
advisable. Wherever any metal is used it should always be deeply buried within 
the wood so that fire cannot reach it at first. 

From the above it will be seen that real mill construction contemplates the 
smallest practicable number of heavy smooth beams covered with heavy smooth 
plank in turn covered with a top floor. The mass of such construction, the small 
amount of surface and the smoothness of the surfaces make this type of construc- 
tion fire-resisting, and merit the name often applied to it, of being ‘‘slow-burning.”’ 
Compared with this, the floor and roof construction consisting of planks on edge 
for beams and a foot or two apart are kindling wood. Mill construction also 
contemplates the entire absence of concealed spaces and the use of such spaces 
as can readily be reached by the spray from the smallest number of automatic 
sprinklers. It will readily be seen that the spaces between the beams of mill 
construction can be reached by a few sprinklers, while with the older construction, 
many times as many sprinkler pipes and heads are required to give protection, as 
every part must be reached by the spray. 

The beams of mill construction afford opportunity for supporting shaft 
hangers, and the shaft hangers and the spaces between them give room for pulleys 
and belts. If short countershafts are to be put up, the wide flat surfaces between 
the beams afford an opportunity for attaching them. 

45. Pintles over Columns Are Fundamental to Type.—The method of fasten- 
ing the beams to each other where they butt together, and to the walls, is of great 
importance in securing rigidity. This must be considered in connection with the 


1 Appeared in Engineering News-Record, vol. LX XIX, No. 26, Dec. 27, 1917. 
2 See also the preceding chapter. 
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columns, and it is with respect to these and connecting the beams together that 
architects unversed in this type invariably fail. It is well understood that col- 
umns should rest end to end upon each other from top to bottom of buildings, 
but the columns themselves should not pass through the floors and between the 
ends of the beams, as is often done. Proceeding upward they should stop at the 
bottoms of the beams, and begin again at the tops. Between the top of one 
column and the bottom of the one above it there should be a short separate cast- 
iron column known as a “‘pintle” (Fig. 198). Being of cast iron, which is a 


WZ 


2 
sa vd 


Zee 
—a| 


a 
Beam Box PE aoa 
Elevation Base of Column 


Fic. 198.—Some special details used in framing mill construction. 


material of great compressive resistance, it may be very small in diameter, and 
requires only a small hole through the beam to accommodate it, half of the hole 
being in the end of one beam and half in the other. The lower end of the pintle 
rests on the cap of the lower column and the top of the pintle receives the lower 
end of the column above. 

There are several advantages in this construction. In consequence of it, the 
beams actually butt against each other, and having only a small hole through 
them (not much over 4 in. in diameter), the ends of the beams are actually over 
the body of the column and are not supported by the overhanging ends of the 
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column cap. If a cap end is burnt off or breaks off the beam is held as securely 
as ever. It is a common thing for architects to carry the lower end of a column 
to the top of the one below, and sometimes both columns are of the same size. 
The result is that the beams are supported by the overhanging ends of the column 
caps. This is dangerous construction, in respect to both strength and fire resist- 
ance. The end may break if of cast iron, bend if of steel, become soft in a fire 
and cause the floor to fall. In this construction most of the cap, and the whole of 
the part which supports the beam are exposed to the fire. 

The pintle construction, as before stated, permits the beams to butt against 
each other and thus become perfect struts to transmit pressure from one side of 
the building to the other, and it also gives room to put two iron dogs, or ties in the 
tops of the beams, one on each side of the pintle, to tie the beams together. Thus 
the beams become not only struts but rigid and continuous ties to keep the sides 
of the building in their proper relative positions. At the same time the pintles 
and dogs fulfill the necessary conditions before mentioned of being surrounded by 
heavy wood, for the pintles are within the beams and the dogs are embedded in 
grooves in the tops of the beams and covered by floor planks. Moreover, the 
dogs cannot work out because they are beneath the planks (Fig. 198). 

Where the pintles enlarge at the top to take the upper column only, the top 
edges should be exposed to fire and can scarcely be injured. It should not be 
overlooked that when the beams and planks shrink the pintle tops become more 
exposed than at first, and allowance should be made for this. It should be 
observed also that the enlarged hole for the top of the pintle is in the plank and 
not in the beam (Fig. 198). 

Still another advantage of pintle construction is that if a floor falls and a 
column below is knocked over by the falling floor or a heavy piece of machinery, 
it simply tips over on top of the pintle. A column which goes down between the 
beams if knocked over would pry the beams apart, punch a hole through the wall, 
possibly push it over, and cause the beam to drop off the column and fall. Thus 
the building might be wrecked on account of the absence of pintle construction. 

46. Rigidity of Connection Is Necessary.—The beams must be connected to 
the wall in such a way that the walls will not be pushed or pulled until after this 
connection is made, such effort only coming from wind pressure or manufacturing 
strain. The beam ends should rest in cast-iron boxes with side wings firmly 
built into the walls (Fig. 198). The beams should then be made to butt firmly 
over the columns and be drawn together by driving in the dogs which for this 
purpose have their ends inclined where entering the wood. When this is done one 
or two lag screws should be screwed into the beams through holes in projecting 
lips of the beam boxes, which completes the connection across the building. 
After this is done the lips of the column caps are lag-screwed to the beams thus 
making the columns stable and preventing the beams from pressing against the 
pintles. Thus the column caps as well as the dogs hold the beams firmly together. 
No attempt should be made to have the pintle fit the hole, as it should be free to 
maintain its position as the beams are moved slightly when the dogs are driven. 
In fact, the hole for the pintle should be at least 1¢ in. larger in diameter than the 
pintle (Fig. 198). 

Beams usually end over columns, but if they do not, a hole is bored through 
for the pintle, and dogs are not required. 
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__ Floor beams when double should have no space between them as was formerly 
provided in order to permit air to circulate between, as these spaces hold fire 
tenaciously. 
There is a very pernicious practice of supporting intermediate cross-beams 
so that their upper surfaces are level with those of the beams which they join. 
_ This is effected by the use of forged stirrups or commercial beam hangers. When 
a fire occurs they are easily softened, and give way if they support any material 
weight, which they often do. Beams should never be supported in this way if it 
is possible to avoid such construction, and if they are, heavy cast-iron beam- 
sockets should be used lag-screwed to the beams (Fig. 197). The commercial 
beam hanger is a great menace to the safety of buildings. 

Roofs are framed, supported and planked after the manner of floors, using 
dogs, and the latter should be driven before the brickwork is built around the 
anchors in the walls (Fig. 197). When there is not a row of columns in the 
center of the room, the roof beams should not be carried on the slant to the center 
of the building and there fastened together, with the expectation that a stable roof 
will result. Horizontal beams should run between the two rows of columns next 
to the center and the roof slant given by wedge-shaped pieces spiked to the beams 
(Fig. 197). Roof beams are not usually secured to the walls by means of beam- 
boxes, but they might be advantageously employed (Fig. 198), especially if para- 
pet walls are used. Wrought-iron anchors spiked or screwed to the beams are 
generally used (Fig. 197). 

47. Special Beam Arrangements Possible-—Sometimes it is desired to have 
columns omitted in every other bay, and the beams that do not rest on columns 
must be supported by longitudinal stringers resting on top of the columns that 
are used. Many architects in this case yield to the temptation to use the beam 
hangers disapproved of above, but instead of this the stringers should be lower 
than the transverse beams by the depth of the latter, and the intermediate trans- 
verse beams should rest on top of them, and be fastened thereto (Fig. 197). Thus 
slow-burning construction is fully realized in this detail. The stringers are sepa- 
rated from the floor by the depth of the transverse beams, and the space thus pro- 
vided is very convenient for the upper strands of belting. In this construction 
vertical shrinkage of the beams is considerable, and the pintles, which are long 
enough to go through both longitudinal and transverse beams, should be rather 
short, so that after the shrinkage the top will not appear materially above the 
floor. 

Floor planks are usually 214 to 5 in. thick and in widths not exceeding 10 in. 
They should be at least two bays long, but there must be enough one-bay lengths 
to cause breaking of joints. It is not necessary to have every other plank break 
joints; four or five planks of the same length can be laid side by side and the 
next set can break joints with these. Where floor planks are interrupted by 
pintles they should be fitted under the pintle to some extent, so that their ends 
will rest on the beams. This with the splines and top floors will support them. 
Otherwise they should rest on a stick secured to the adjoining planks by lag 
screws. 

48. Location of Beams.—It is inadvisable to have beams at right angles to 
the main transverse beams in a factory—that is, parallel to the sides of the mill. 
One objection to this is, that if they are not at or near the center of the building 
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they cut off the top light. Some architects wrongly place such beams against the 
sides of the building above the windows, and thereby prevent the tops of 
the windows from being as high as the, might be, and close to the underside of 
the floor. These beams are hung to the transverse beams by means of the objec- 
tionable hangers already commented upon, and even intermediate transverse 
beams are sometimes hung to them. If the bays are not too wide intermediate 
beams are unnecessary, but architects often make the bays so wide that they are 
compelled to use intermediate beams, and this causes them to run the planks the 
wrong way. 

The tops of the windows can be brought to the underside of the floor by build- 
ing the arch in the next story above. The opening which would thus be made 
above the upper floor is closed by not carrying the arch clear through the wall. 
One course of brick carried down to the springing of the arch is sufficient to close 
the opening, and this is supported by an angle iron spanning the window opening 
(Fig. 197). Ifa straight arch is used this is supported by angles or other forms of 
structural material. 

The beams are usually made of long-leaf Southern pine, which formerly came 
chiefly from Georgia, but the name ‘‘ Georgia pine”’ is now chiefly a name, as such 
pine comes from any state south of North Carolina, and even from Cuba. Beams 
should be chamfered on the lower edges between bearings for the sake of appear- 
ance, and, some persons have stated, to do away with corners which readily ignite. 

49. Floor Details.—Floor planks are made of spruce or pine, planed on three 
sides, grooved for splines, and for appearance slightly bevelled or beaded on 
the bottom edges. The splines are made of clear yellow pine and are always 
34 X 1 in. and, as already stated, should fit tight enough to require driving in. 
The planks should end on the centers of the beams, and be nailed to each beam 
with two nails of such lengths that two or three inches should penetrate the beams. 

On each side of a room a plank should be left out until the building is well 
dried, as the planks sometimes swell enough to push out the walls. 

On the planks there should be one or two layers of tarred paper, or, better, a 
paper covered with an elastic material which will fit around the nails securing the 
top floor, in order to make the floor waterproof. Such a lining is intended to 
continue to be tight around nails after the floors shrink. 

In Canada, and to some extent in this country, it is the practice to use for 
floors, planks on edge nailed together horizontally. It is not customary to end 
these planks over the beams, but anywhere. This weakens the floor seriously 
and should not be permitted. Sometimes, if such floors are very thick, they are 
not fastened to the beams. 

Top floors are usually of square-edged maple of 7-in. nominal thickness, but 
sometimes thicker. The boards are commonly 5 in. wide and should not be less 
than 6 ft. long. They should be kiln dried, wedged together when laid, nailed 
with two nails 16 in. apart on diagonal lines, with two nails at the end of each 
board independent of the diagonal nailing. Sometimes top floors are laid 
diagonally, but little or nothing is gained by this and the cost is a little 
more. All nails should be set and the floor planed if it is not smooth enough 
without it. 

Steel beams are used somewhat in mill construction buildings, but are not 
liked by the insurance companies as well as wood. They tolerate them, however, 


trusting to sprinklers to keep them cool in case of fire, and consider that a fire 
will be confined to one story. Their advantages are that piers are not cut away 
by their use as in the case of wood and can therefore be narrower, thus increasing 
the window width, and columns can be farther apart. The beams should be laid 
on the walls as the work proceeds, with one brick course fitted around them in 
the face of the wall, and the pocket thus formed filled with cement grout. The 
brickwork can then proceed and the wall is not reduced in cross-section where the 
beam enters. If steel beams are used, pintles should not be omitted. 

50. Anchoring of Steel Beams.—The anchoring of steel beams in walls is not 
quite so desirably accomplished as with wood. The common way is to have a 
couple of short pieces of steel angle riveted vertically to the web near the end of 
the beam to anchor it, and build the beam in as described above. The beam 
can be drawn up to the pintle before this is done. If the beam falls in a fire it 
will pry out some of the brickwork. A beam-box could be used, as in the case 
of wood beams, and bolted to the lower flange of the beam before the box is built 
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Fic. 199.—Pintle design for steel beams. 


into the brickwork. The beam and box could then be slid as the beam is drawn 
up to the pintle. 

Square or rectangular pintles look better with steel beams than round ones, 
as the beam ends fit against them better (Fig. 199). Sometimes the lower flange 
is bolted to a bracket cast on the bottom of the pintle and sometimes the web is 
bolted to an appropriate projection on the pintle. The best way is to rivet angles 
to the web, and bolt the beams together by means of bolts passing through oblong 
holes cast in the pintle, as in Fig. 199. Care must be taken to have the beam rest 
over the top of the column and avoid transverse stress in the pintle brackets. 

51. Roofs.—The remarks on floors will apply to roofs, except that spruce some- 
times warps and turns up its edges so that it may injure the roof paper. The 
standard slope of mill roofs is 14 in. per foot. 

Concerning roof coverings, there are many different makes, any of which will 
be furnished with a guaranty of five or ten years. Tar and gravel are very satis- 
factory and should be five or six plies thick. Thick roof coverings of this kind 
are important in some places on account of their insulating qualities which assist 
in preventing condensation of humid atmosphere on the underside in cold 
weather. 

The undersides of roofs and floors are sometimes painted white, but the cracks 
between the planks make them look bad, although the lighting effect is good. 
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Likewise, brick walls can be painted, but the natural brick looks better. Brick 
looks best when washed down with acid and oiled. 

52. Columns and Walls.—Columns are usually made of long-leaf Southern 
pine and should be carefully selected for straightness of grain and freedom from 
defects. It is very important that the ends should be square with the axis, and 
when the columns are round this is easily accomplished in the lathe. Wood col- 
umns are often made as small as 6 in. square, but they are very apt to spring and 
in hot factories this is true of columns of any size. Practically, it is better to 
have 8 in. the minimum size. Pipe columns filled with concrete are used, but the 
mutual insurance companies consider wood columns a better fire risk, and where 
the pipe concrete columns are used they prefer to have a reinforcement placed 
inside, this being strong enough to support the load (Fig. 199). The stock com- 
panies do not require this. This type of column without interior reinforcement 
went through the Salem fire successfully. Even with these columns, or those of 
cast iron, pintles should be used. Both ends of pintles should be faced off square 
and likewise the surfaces with which they come in contact, and pintles for square 
columns should have a circular face on which the column rests so that it can be 
faced in a lathe or boring mill (Fig. 198). 

Wood columns were formerly bored and ventilating holes made at top and 
bottom. The benefit of this cannot be identified and the practice has been 
generally abandoned. 

The upper and lower ends of wood columns should be treated with a preser- 
vative, especially the lower ends, as they are frequently wet from washing the 
floors. 

In building such a factory some designers have slanted the piers between 
windows inward on the outside of the building. This is expensive and useless, 
and it should be kept in mind that the center of pressure coming from the weights 
should be as near the center of the foundation as possible. By stepping the 
walls back 4 in. or more at each floor on the inside of the building, or at every 
other floor, this is partly accomplished and the outside of the pier can be kept 
vertical (Fig. 197). If the pier is inclined or made like a stepped buttress on 
the outside, the result is that the foundation will be eccentrically loaded. These 
inclined or buttressed pieces accomplish nothing desirable. 

53. Basement Floors.—If a wood floor is desired in the basement the best 
way is to make a tar concrete and wood floor, as follows: The earth should be 
filled-in layers 6 in. thick and rammed level. On top of this there is to be a layer 
3 in. thick of hot tar concrete laid and rolled firmly and level, the upper 14 in. 
being of fine material laid hot and well rolled to prevent moisture from coming 
through. On this there is to be a layer of unplaned square-edged plank 214 to 
4 in. thick, laid close. The plank should be kyanized or treated with other 
preservative to prevent decay. A top floor is then laid at right angles to the 
plank and well nailed. The plank need not be splined, because there is no chance 
for vertical movement. 

It is not well to use sleepers, as it is difficult to surround them properly with 
tar concrete and difficult to get them level, and they accomplish nothing. A floor 
as above described is a heavy solid mass and is bound together by the top floor. 
Experience shows that it is satisfactory without being fastened to anything and 
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is suitable for holding any machinery that does not require foundations. It is 
good where wet processes are carried on. 


BUILDING TERMS 


Apron.—A plain or molded piece of finish below the stool of a window, put on 
to cover the rough edge of the plaster. 

Arcade.—A range of arches, supported either on columns or on piers, and 
detached or attached to the wall. 

Arch-buttress—Sometimes called a flying buttress; an arch springing from a 
buttress. ~ 

Arch.—An arrangement of building materials in the form of a curve which 
preserves its given form when resisting pressure, and enables it, supported by piers 
or beams, to carry weights. 

Architrave-—The lowest of the principal divisions of an entablature, resting 
immediately on the columns or pilasters. 

Area.—A small court, usually below the general surface of the street in front 
of basement or first floor windows; an open space or court within a building. 

‘Ashlar.—The facing of thin slabs of stone or terra cotta, which covers the 
rough brick and structural steel in the exterior walls of a building. 

Astragal——A small semi-circular molding, sometimes plain and sometimes 
ornamented. 

Attic—A low story above the main entablature of a building, with walls 
vertical to ceiling; in some building laws defined as any story, in whole or part, 
which is situated in the roof. 

Awning.—A term sometimes used for marquise; any covering intended as a 
screen from the sun, or protection from the rain. 

Azis.—A term used by architects for center line. 

Backing of a Wall.—The rough inner face of a wall; earth deposited behind a 
retaining wall, etc. 

Balcony.—A projection from the wall of a building, supported by columns, 
consoles or other cantilevers, and usually covered at its extremity by a balustrade. 

Baluster—A small pillar or column of various forms, supporting a rail, used 
in balustrades. 

Balustrade.—A series of balusters connected by a rail. 

Basement.—The lower part of a building, usually part of the basement is 
below the grade of the lot. 

Base Molding.—The moldings immediately above the floor. 

Bay.—The wall space between two columns; the whole space between column 
centers. 

Bay Window.—Any window projecting outward from the wall of a building 
and commencing from the ground. If they are supported on projecting corbels, 
they are called oriel windows. 

Beam.—A piece of timber, steel or other material, placed across an opening 
or from post to post, to support a load. 

Bearing.—The portion of a beam, or truss, etc., that rests on the supports. 

Bearing Wall.—A wall which supports the floors or roof in a building. 

Bed.—The horizontal surfaces on which the stones or bricks are laid in a wall. 
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Belt.—A course of stones or brick projecting from the face of a brick or stone 
wall. 

Blocking.—A course of stones or other material crowning the top of a wall. 

Bond.—The connection between bricks, stones or other materials formed by 
lapping them upon one another in carrying up the work, so as to form a single mass 
of wall. 

Brace.—Any inclined member introduced in a truss or frame to stiffen it. 

Bracket.—A supporting piece under a cornice, or other projection; see also 
corbel, console, modillion, respond—all varieties of brackets. 

Break.—Any projection from the general surface of wall. 

Bridging—A method of stiffening floor joists or partition studs by fitting 
pieces in between. In steel work, cross diaphragms are used for the same 
purpose. 

Bucks.—The rough frame for doors or other openings in partitions, erected 
before partitions, and to which the jambs and trims are attached. 

Butt-joint—Where the ends of two pieces of any material butt together. 

Buttress —Masonry projecting from a wall to gain additional strength against 
the thrust of a roof or vault. 

Buttress, Flying.—A detached buttress or pier of masonry at some distance 
from a wall and connected to the wall by an arch or part of an arch. 

Caisson.—A sunken panel or coffer in ceilings, vaults and domes; the term 
is also used for concrete cylindrical foundations or tubular piers filled with 
concrete. 

Camber.—The convexity sometimes placed in beams or trusses to prevent 
them becoming concave under their loads. 

Canopy.—An ornamental covering over a niche; a name sometimes given to 
a marquise, 

Cantilever—A projecting beam or truss, sometimes called console or bracket. 

Capital—The upper part of a column, pilaster or pier, usually ornamented 
with moldings or foliage or these combined. 

Casement.—A window, the sash of which is hinged to the vertical sides of the 
frame into which it is fitted: 

Causeway.—A raised or paved way. 

Cetling.—The upper horizontal or curved surface of a room or hall, opposite 
the floor, which conceals or ornaments the construction of the floor above, or that 
of the roof. 

Chamfer.—To bevel the edge of anything originally right-angled; to round off 
or bevel an edge to fit on or into a connecting piece. 

Class.—Class A, class B, etc., designated by the building codes for a building, 
denotes the character of its construction, under certain limiting conditions of 
fireproofness and beauty. 

Coat.—A thickness or covering of paint, plaster or other work, done at one 
time. 

Coffer.—A sunken panel. See Caisson. 

Coffer Dam.—A frame surrounding an excavation; or a frame placed in water, 
the water inside the frame being pumped out to build masonry piers. 
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Column.—Generally any body which supports another in a vertical direction. 
An architectural column is composed of three parts; the base, the shaft and the 
capital. See Post. 

Concrete—A mass composed of cement, sand and broken stone or gravel, 
making an artificial stone. 

Conductor —A pipe to convey the rain water to the sewer system; sometimes 
termed ‘“‘leader” or “downspout.” 

Condwit.—A recess left in the concrete work of the floor system to receive 
piping; a metal pipe arranged for electric wiring or terra cotta blocks arranged for 
the same purpose. 

Console.—The enriched vertical bracket under the cornice of an entablature, 
or under cornice of doors and windows. See Bracket and Cantilever. 

Coping.—The highest and covering course of masonry in a wall. 

Corbel—A projection from a wall to form a support, generally ornamented. 

Cornice-—Any molded projection which crowns or finishes a wall. 

Corridor.—The passage-way which gives communication between the various 
parts of a building. 

Countersink.—The cavity for the reception of a plate, or the head of a screw 
or bolt, so that it will not project beyond the face of the work. 

Course.—A continued layer of bricks, stones, terra cotta, slate, shingles, etc. 

Court.—An uncovered area in front, behind, or in the center of a building. 

Cove.—The curved, concave portion of a cornice or ceiling as distinguished 
from the square parts or corners. Cove-molding, cove-ceiling, etc., refer to the 
concave portion of the molding, ceiling, etc. 

Cradling—A name applied to the pieces which the expanded metal or other 
lathing is fastened to in building large interior cornices or vaulted ceilings. 

Cupola.—A small room, circular or polygonal, located on the top of a dome. 

Curb.—The dividing line between the sidewalk and the street, the edge of an 
opening in a floor. 

Curtain Wall.—A non-bearing wall built between columns. 

Dome.—The projection on the top of buildings in the form of an inverted cup. 

Dormer.—The projection from the inclined surface of a roof to form a room 
within, contains one or more windows and has a roof of its own. 

Dovetailing—The method of joining boards or other material together, the 
joints, tooth shaped or dovetail shape, fitting into each other. 

Dowel.—A pin used in the joining of two pieces of meer) for the purpose of 
holding them in place. 

Drainage.—Relates to system of pitched roofs or floors, iin downspouts, 
conduits, etc., for the purpose of shedding water from roofs or floors. 

Drip.—The member projecting from a wall or cornice for throwing off water, 
drop by drop. 

Ducts.—The flue or passage-way through which the ventilation or heating is 
conveyed to the different parts of a building or group of buildings. 

Eaves.—The lowest edges of the inclined sides of a roof which project beyond 
the face of the wall. 

Elevation.—The drawing of the external ‘walls of a building; the vertical pro- 
jection of any member or structure; the distance from datum to a given height, 
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Entablature-—The whole of the parts of an order of architecture, supported 
by columns, pilasters or piers. It consists of three parts: architrave, frieze, 
and cornice. 

Escalator.—A moving stairway. 

Extrados.—The exterior or convex curve of an arch or vaulting surface. 

Fascia.—A flat, broad member slightly projecting from the face of an entabla- 
ture or wall. 

Filler Wall—A term in some municipal building laws for a non-bearing wall 
between columns and supported at each floor; a partition. 

Fireproofing—Generally speaking is of two kinds, the constructive and the 
applied; the constructive kind being of two classes, the terra cotta or burnt clay 
products and the concrete; the applied being simply some form of wire lathing and 
plaster. 

Fish-joint.—A splice where the pieces are joined end to end and connected 
by pieces of wood or steel placed on each side and bolted to the pieces joined. 

Flashing.—Pieces of copper, tin, etc., let into the joints of a wall so as to lap 
over the metal of gutters or roof material; or any pieces used at the junction of 
different pieces to prevent leaking. 

Floating—The equal spreading of plaster or cement on a surface by means of 
a board, called a float. 

Footings—The projecting courses at the base of a wall or column to spread 
the load over a greater area. 

Foundation.—The sub-structure on which a building rests, parts of which are 
footings or grillage. 

Frame.—A term used extensively in building with a qualifying noun as 
window frame, steel frame; when used in specifications as a verb, it relates to the 
connections of various members. 

Frieze—The middle part of an entablature, the under part being the archi- 
trave, the upper the cornice. 

Furring—To bring an uneven to an even surface. Wood strips are used to 
which lath is applied or on which the finished floor is laid. 

Gable.—The walls at the ends of a building directly under the sloping roof 
planes. Ordinarily the shape is triangular. 

Gallery.—A long passage looking down into another part of a building; very 
long rooms used for purposes of state or the exhibition of pictures. 

Girder.—A large timber or steel member, either single or built up, used to 
support floors or walls over an opening. 

Grade.—The term used to denote the established street and sidewalk planes 
or surfaces; the natural surface of the ground or finished surface of the ground, 
where it is cut away or added to; the elevation above datum. 

Grillage—A combination of beams laid transversely in the several tiers, the 
deepest beams being used in the top tier. 

Grillage Girder—A built girder used where the heaviest rolled shape would 
be inadequate. 

Groin.—The intersection of two vaulting surfaces. 

Groin Rib—A vaulting rib that is placed at the intersection of vaulting 
surfaces, 
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Ground Floor.—The floor of a building on a level, or nearly so, with the ground. 

Grounds.—Pieces of wood placed around openings, etc., to which the trim 
may be nailed. They also serve as a guide to finishing the plaster. 

Grout.—Mortar made so thin by adding water that the mixture will run into 
joints or cavities of the mason-work, and fill it up solid. 

Gutter —The channel for carrying off rain water from the roofs. 

Hall.—A room or passage-way at the entrance to a building; a large room 
used as a place of assemblage. 

Headers.—Stones or brick extending over the thickness of a wall; also the large 
beams into which other pieces are framed to provide openings for stairs, chim- 
neys, etc. 

Head Room.—The distance between the top of finished floor and the finished 
side of a fireproofed beam or girder in floor above. 

Herring-bone Work.—Bricks, tile or other materials laid diagonally. 

Hip.—The external angle formed by two inclined sides of a roof. 

Hip Rafter—The rafter under the hip of a roof, which receives the jack 
rafters or purlins. 

Intrados—The interior or concave curve of an arch, sometimes called the 
soffit of the arch. 

Jack.—An instrument for raising heavy loads, either by a crank, screw thread 
or by hydraulic power. 

Jack Rafter—A short rafter in hip-roof work. 

Jamb.—The side posts or lining of a doorway or opening. The jambs of a 
window outside of the frame are called reveals. 

Key-stone.—The stone placed in the center of the top of an arch. 

King-post Truss.—A truss framed with one tie member in the center. 

Knee.—A member placed diagonally between a post or wall and joist or truss 
to relieve the weight or secure rigidity. 

Lath.—Strips of wood nailed to furring strips on which the plaster is spread. 

Lattice—Any work of wood or metal made by crossing laths, rods or bars 
and forming a network. 

Lean-to.—A small building whose rafters pitch or lean against another build- 
ing, or against a wall. 

Lintel—The horizontal piece which covers the opening of door, window or 
other opening to carry the weight of walls above. 

Lobby.—An open space surrounding a range of chambers, or seats in a theater; 
a small hall or waiting room. ‘ 

Lowers or Louvres.—The inclined slats spaced at intervals to admit a free 
current of air and at the same time exclude the rain, used most frequently in 
monitors. 

Lug.—The part of a sill on which the wall rests, or the part of a lintel which 
rests on the wall; used by structural engineers to refer to a projection. 

Mansard.—A roof formed of four contiguous planes inclined to each other. 
The simplest form of mansard is where the apparent roof is inclined to the vertical 
and one or more stories are formed in it. 

Margin.—Occasionally used for the “flange” of buckled plates. 
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Marquee.—The hood or canopy projecting over a carriage or other entrance 
to a building as a protection from the weather. 

Mezzanine.—From an Italian word meaning ‘‘middle,”’ a low story between 
two regular floors. 

Miter.—Two pieces at right angles to each other with ends cut at 45° form a 
miter. A miter joint is one made at an angle of 45°. 

Modillion.—The ornamental bracket under the cornice of an entablature. 

Monitor.—That portion of a building extending above the main roof for the 
purpose of ventilating or lighting the interior; the British term is ‘“‘lantern.”’ 

Mullion, Munion.—The vertical post or posts which divide a window space 
or other openings into two or more divisions. 

Muntin.—The bars which divide a sash. 

Newel.—The vertical post round which the treads and risers of a circular stair 
wind and to which they are attached. 

Newel Post—The post placed at the lowest step of a stair to which the hand- 
rail abuts or from which it starts. 

Nosings.—The rounded and projecting edges of the treads of a stair, or the 
edge of a landing. 

Offsets —When the face of a wall grows higher and thinner, the jogs are called 
offsets. 

Oriel.—A recessed window that ordinarily projects beyond the exterior face 
of the wall, is in plan octagonal or hexagonal, is commonly ecorbelled or cantilev- 
ered out. One starting from its own foundation is usually called a bay window. 

Outlookers, Outriggers.—A cantilever to build the cornice on or onto which to 
hang the cornice. 

Panel.—The space included between four columns of a building generally 
rectangular in plan; commonly referring to the surface of wood or other material 
recessed between four pieces, such as the panels of a door or wainscoting. 

Parapet.—A low wall along the edge of roof or terrace. 

Partitions. —The dividing wall between rooms; in modern office building work 
composed of hollow tile and plastered both sides. 

Party Wall.—A wall built upon the dividing line between adjoining buildings 
for their common use. 

Pent House.—The roof houses on office buildings, covering stairways, elevator 
shafts, ete., irrespective of the shape of the roof. 

Pier.—The part of a wall between windows and doors; any detached mass of 
masonry to support an arch, girder or column. 

Pilaster.—A flat, square column attached to the wall and projecting from it 
one-sixth to one-fourth of its width. 

Pile.—Timber or concrete shafts sunk into soft ground upon which founda- 
tions are built. 

Pin.—A cylindrical piece of wood, steel or other material, used to hold two 
or more members together by passing through a hole in each of them. 

Pitch of a Roof-—The proportion obtained by dividing the height by the span, 
as one-half, one-third pitch, ete. 

Plaster —A mixture of lime, hair and sand, to cover lath work for interior walls 
and ceilings. 
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Porch.—A covered erection forming a shelter to the entrance of a building. 

Portal.—The arch over a door or gate. 

Portal Bracing.—A system of indirect bracing used where the existence of 
doors, openings, etc., prohibit the more direct web system. 

Post.—Generally any vertical piece whose function is to sustain a vertical 
load; in structural work, members composed of single angles, rolled shapes, or 
built-up sections and carrying stresses in compression, whether inclined or vertical 
are designated as posts or columns. 

Purlins.—Steel shapes or timbers extending from truss to truss or between 
rafters and supporting the roof covering. 

Queen-post Truss.—A truss framed with two vertical tie members. 

Rafters —The joists to which the roof boards are nailed. 

Ramp.—An inclined roadway. 

Random Work.—A term used for stones fitted together at random without 
any attempt at laying them in courses. 

Range Work.—Ashlar laid in horizontal courses, same as coursed ashlar. 

Respond.—A corbel or bracket from which an arch or vault springs. 

Return.—The continuation of a molding, projection, etc., in an opposite 
direction. 

Reveal.—The vertical sides of an opening, between the front of the wall and 
the frame; used also to designate the return of a pilaster or pier, between the face 
of the pilaster or pier and the main wall face. 

Ridge.—The top of a roof which rises to an acute angle. 

Riser —The vertical board under the tread in stairs. 

Roof.—The covering or upper part of any building. 

Roofing—The material put on a roof to make it watertight. 

Rubble Work.—Masonry of rough, undressed stones. 

Saddle.—The coping on the apex of a roof; sometimes used instead of “cricket.” 

Saddle Rod, Saddle Bar.—Bars staying the two lines of purlins next to the 
ridge; stay bars holding mullions in place, etc. 

Sash.—The framework which holds the glass in a window. 

Scarf—The joint in timber construction to make two pieces appear as one; 
in steel, when two plates are lapped, one edge is thinned down to a feather edge 
or ‘‘scarfed’”’ so that the two surfaces will be brought into the same plane. 

Scuttle—A framed opening, with its cover, through a roof. 

Sheet Piling.—Planking or specially devised shapes driven close together to 
form a temporary wall about an excavation. 

Shore.—A piece of timber placed in an oblique direction to support a building 
or wall temporarily while it is being repaired or altered. 

Sill.—The piece which forms the bottom of a door or window opening, or of a 
panel. 

Skewback.—The inclined stone from which the arch springs; in structural 
work, the shelf angle from which the arch springs. 

Skylight.—A frame supporting glass sash, placed in a roof to light passages 
or rooms below. 

Sleeper—Timber laid on the ground to receive joists or pieces of wood 
imbedded in concrete to which finished floors may be nailed. 
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Soffit—The concave surface of an arch; the under horizontal face or surface 
of an architrave or of a lintel or cornice. 

Span.—The distance between the supports of a beam, girder, arch, truss, etc. 

Spandrel.—Those portions of the exterior walls, side or court walls, which lie 
between the piers and between the window spaces of the successive stories. 

Specification.—A description of the kind, quality and quantity of materials 
and workmanship that are to govern the fabrication and erection of a building. 

Spire.—The pyramidal apex of a tower. 

Staging.—A structure of posts and boards for supporting workmen and mate- 
rial in building. 

Stairs.—A series of steps supported by ‘‘stair-stringers” or ‘‘stair-horses.” 
The beams to which the stair-stringers connect are called ‘‘stair-headers.” 

Stanchion or Stancheon.—A name sometimes used for a column or post. 

Stile—The upright piece in framing or paneling. 

Stretcher.—A brick or block of masonry laid lengthwise of a wall. 

Stucco.—Any material used as a covering for walls, put on wet and drying 
hard and durable. The term is usually used for out-of-door work. 

Studs.—The small timbers used in partitions and outside wooden walls, to 
which the laths and boards are nailed. 

Surface-—To make plane and smooth. 

Templet.—A form to lay out work; piece of timber or stone to distribute pres- 
sures over a larger area. When applied to steel, the templets are known as “‘bear- 
ing plates” or ‘‘slabs” as the case may be. 

Terra Cotta.—Baked clay of a fine quality. 

Threshold.—The strip of wood or other material under a door. 

Tie.—A timber, rod, chain, etc., binding two bodies together. 

Tiles.—F lat pieces of burned clay, to cover roofs, floors, fireplaces, etc. 

Tongue.—A projection of a board or other material, to be inserted in a groove. 

Tower.—An elevated building, usually placed on a main building. Sometimes 
crowned with a spire or cupola. Towers are circular or polygonal in plan. 

Transom.—The bar or horizontal construction which divides a window, 
commonly applied to the sash over the door. 

Tread.—The horizontal part of a step of a stair. 

Trimmer.—The beam or joist into which a header is framed. 

Upset.—To thicken and shorten, as by hammering a heated bar of steel on 
the end. 

Valley.—The intersection formed by the re-entrant angle of two inclined 
planes of a roof. 

Valley Rafter—The rafter immediately under the valley and to which the 
jack rafters or purlins connect. 

Vault—An arched ceiling or roof over an apartment; a place specially 
designed for storage. 

Veneer.—An outer facing of brick, stone or other material placed on a wall 
for protection or decoration and not for strength. 

Vent.—A conduit for carrying off foul air. 

Vestibule—An anti-hall, lobby, or porch. 

Wainscot.—The wooden lining of walls, generally in panels. 
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Wall-bearing.—A term to denote that the floor systems are carried on masonry 
and not on asteel frame. The floor may be ‘‘wall-bearing” on the outside walls 
and the interior supported by steel columns. 

Wall Plates.—Pieces of timber or steel which are placed on top of walls to 
form the support of the roof of a building. 

Water Table——A slight projection of the wall on the outside of a wall a few 
feet above the ground as a protection against rain. 

Wing.—An offset of the main building. 


SECTION 2 


ROOF TRUSSES 


ROOF TRUSSES—GENERAL DESIGN 


1. Roof Trusses in General.—A roof truss is a framework designed to support 
the roof covering or ceiling over large rooms, thereby avoiding the use of interior 
columns. Figure 1 shows the relative position of the roof trusses, the walls of the 
building, and the roof covering. 

When the nature of the supporting forces is such that the reactions are verti- 
cal under vertical loading, or the reactions due to inclined loading can be deter- 
mined by the methods of simple statics, the framework is known as a “simple 
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truss.” Where the reactions are inclined, even under vertical loading, and where 
they can not be determined by simple statics, the framework is known as an 
“arch.” The discussion of this chapter will be confined to simple trusses; arches 
will be considered in the chapter on ‘‘ Arched Roof Trusses.’’ 

Simple roof trusses can be further divided into two classes based on the 
methods of supporting the trusses. In one class can be placed the trusses which 
are supported on rigid walls of masonry, or other material forming a wall which is 
able to resist lateral forces without additional bracing. In a second class can be 
placed the trusses which are supported on steel columns carrying a light curtain 
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wall in addition to the trusses. The construction of these columns is such that, 
unaided, they do not offer any considerable resistance to lateral forces. To secure 
a rigid structure, it is necessary to join the trusses and the columns by a member 
known as a “knee-brace,” thus forming a rigid framework which is known as 
a “‘knee-braced bent.” Further discussion of this type of structure is given in the 
chapter entitled: ‘Detailed Design of a Truss with Knee-braces.” 
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In general, a roof truss should consist of a simple framework composed prefer- 
ably of a system of triangles. The members of the framework are usually so 
arranged that they are in direct tension or compression. Trusses composed of 
a single web-system, as shown in Fig. 2(a), are preferable to those with a double 
web-system, as shown in Fig. 2(b). The stresses in the truss of Fig. 2(a) are read- 
ily determined by the principles of simple statics. In the truss of Fig. 2(b), the 
stresses are statically indeterminate. An exact determination of the stresses 
can be made, but the work of stress calculation is long and tedious. Approxi- 
mate methods of stress calculation are generally used, but as the distribution of 
the load to the various members is uncertain, such methods are unsatisfactory. 

Figure 3 shows the component parts of a truss. The names of the several 
parts are indicated in position. As shown on Fig. 3, the upper members are 
known as the top chords, or rafters, and the lower members are known as the 
bottom chords, or tie beams. The interior compression members are known as 
struts, and the interior tension members are known as ties. Points of intersec- 
tion of chord members are known as joints, and the distance between adjacent 
joints is known as a panel, or panel length. A sag tie is a member provided to 
form a support for a long horizontal member which would deflect excessively 
under its own weight if not so supported. : 

2. Form of Trusses.—A great variety of trusses are used in building construc-~ 
tion, the form depending upon the character of the roof covering and the architec- 
tural features of the structure. Figure 4 shows some of the forms of simple 
trusses in common use for trusses supported on rigid walls. Types of knee- 
braced bents and arches are shown in later chapters. 

In Fig. 4 the forms shown in Figs. (a) to (m) are well adapted to construction 
in steel, while those of Figs. (n) to (g) are suited for construction in wood. The 
trusses of Figs. (a) to (m) are so arranged that the compression members, shown 
by the heavy lines, are the shortest members in the truss, while the tension mem- 
bers, shown by the light lines, are the longest members. This results in a consid- 
erable saving of material, for a compression member requires a greater sectional 
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area for a given stress than a tension member. Also, the greater the length of a 
compression member, the greater the required area. 

In the trusses of Figs. (n) to (q), the top and bottom chord members and the 
interior diagonals are usually made of wood, while the vertical tension members 
are made of steel rods. Since compression joints between wooden members are 
easier to frame than tension joints, or splices, it follows that these types are well 
adapted for construction in wood. 
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The form of truss is dependent to some extent upon the span length, for in 
order to avoid bending stresses in the top chord, it is desirable to have a panel 
point of the truss directly under each purlin. To avoid the use of excessive areas 
in the top chord sections, it will probably be best to limit the length of these mem- 
bers to about 8 ft. asa maximum. With this limitation, the advisable maximum 
spans for the several types shown in Fig. 4 are about as follows: Figs. (a) and (e), 
30 ft.; (c) and (g), 40 ft.; (6) and (f), 50 to 60 ft.; (d) and (A), 70 to 80 ft.; and 
(7), 80 to 90 ft. The forms shown in Figs. (k), (J), and (m) can be used for spans 
of from 20 to 80 ft. by varying the number of panels. Wooden trusses of the type 
shown in Figs. (nm) and (0) can be used for spans up to about 25 or 30 ft., while 
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those of Figs. (p) and (q) can be used for spans of from 20 to 80 ft. by varying the 
number of panels. 

The type of truss to be used with a given roof covering is determined by the 
allowable slope of roof for the roof covering in question. Table 1 gives the mini- 
mum allowable slope of roof for some of the common types of roof coverings. 


TABLE 1 
Asphalt or asbestos. ............02-00% Rise {2 of span. 
COOTIMPHULELORL etc tee. ce coho Rise 14 of span. 
BURG Me oS ere ee ee ee ee Seana ok Rise 44 to 4% of span. 
RV ATRANG OLA VOL ns Sethian oot. skier Flat, or sufficient slope for drainage. 
PeSe Wr ee ie te er bo kee Rise 4 of span. 
GT ie ae ey on Se ne All slopes. 
Wood shingles on sheathing........... Rise 14 of span. 


The trusses shown in Figs. (I), (m), and (q) are suitable for tar and gravel, 
or for tin roofs. For these types of covering it is necessary to give the roof only 
enough slope to provide proper drainage. A slope of more than 1 in. to the foot 
is not desirable for a gravel and tar roofing, due to the fact that the material will 
flow when laid, and that intense summer heat will also cause it to flow if the slope 
is greater than that mentioned. All of the other forms shown in Fig. 4 are 
adaptable to roofs with a rise equal to from }¢ to 1 of the span. 

Trusses with a cambered lower chord, as shown in Figs. (e) to (A) inclusive, are 
used for the sake of appearance. A long line of trusses with exposed horizontal 
chords appear tosag. This effect can be overcome by cambering the lower chord. 
In other cases the architectural treatment of the ceiling calls for a cambered truss. 
Where a moderate camber is required, one of the forms shown in Fig. 4 can be 
used. In churches and similar structures, the architectural treatment often 
calls for an ornamental truss, which is considered in the chapter on “Ornamental 
Roof Trusses.” 

In general it can be said that the selection of the type of truss is just as impor- 
tant as any other feature of the design. Having fixed upon the span length and 
the height of truss, that type of framing should be adopted in which the members 
are well placed with respect to the loads which are to be carried. 

3. Pitch of Roof Truss.—The pitch of a roof truss is usually defined as the 
ratio of the height, or rise, of the truss to the span length, and is usually designated 
by afraction. Thus in the truss of Fig. 3, suppose the height to be 15 ft. and the 
span to be 60 ft. As defined above i \ 


In the preceding article the effect of character of roof covering on the ratio 
of rise to span length has been considered. As the pitch of roof, as defined above, 
is the same as the rise divided by the span, the values given in Table 1 will 
indicate the minimum desirable pitch of a roof truss for a given roof covering. 

The pitch of the truss should also be determined with reference to the loads to 
be carried. As shown by the tables of wind and snow load given in Arts. 15 and 
16, a roof with a 4 pitch has a smaller snow load but a greater wind load per sq. 
ft. of roof than one with a 4 or & pitch. Also the stresses in the trusses of 
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pitch are less than those of 4 or 14 pitch. However, in trusses of }4 pitch, the 
interior compression members are somewhat shorter than those in trusses of 14 
pitch, which results in a considerable saving in material, in spite of the greater 
stress. Trusses of 14 pitch have greatly increased stresses, which call for added 
material in spite of the reduced length of the compression members. Considering 
all factors, it seems that the truss of 14 pitch is the most economical. 

4. Spacing of Trusses.—The theoretical spacing of trusses for least total cost 
of trusses, purlins, and roof covering depends upon the relative cost of the compo- 
nent parts. As the spacing increases, the cost of the trusses per unit of covered 
area will decrease, as small changes in spacing have little effect on the weight of a 
truss; the cost therefore varies inversely as the spacing. The size of purlin is 
determined, by the moment to be carried; this varies as the square of thespan. 
Therefore the cost of the purlins can be considered to vary as the square of the 
spacing. The roof covering cost varies directly as the spacing. To determine 
the theoretically most economical spacing, all of these factors must be given 
proper consideration. 

The relation between the quantities given above for minimum cost can be 
expressed approximately in the following manner: 

As stated above, the cost of the trusses can be assumed to vary inversely as 


p é ; : k 
the spacing of the trusses, which relation can be written, ¢ = 7 where ¢ = cost 


of trusses per sq. ft. of roof, k = a constant, and s = spacing of trusses. Again, 
the cost of the purlins varies directly as the square of the spacing of trusses, or 
p = ns?, where p = cost of purlins per sq. ft. of roof, nm = a constant, and s = 
spacing of trusses. Also, the cost of roof covering varies directly as the spacing 
of trusses, orc = ms, where c = cost of roofing per sq. ft. of roof, m = a constant, 
and s = spacing of trusses. If X be the total cost of the roof, per sq. ft., we have 


X=ttpte= = 4nst+ms 


By the methods of the Differential Calculus it can be shown that the relation 
existing between the terms of the above expression at the time the cost of the roof 
is a minimum is 

t=2p+e 


That is, for least cost, the spacing of trusses must be such that the cost of the 
trusses per sq. ft. of roof is equal to twice the cost of the purlins per sq. ft. ofjroof 
plus the cost of roof covering per sq. ft. of roof. 

The relation given above can not be used directly for the determination of 
the truss spacing for the spacing does not appear in the equation. However, by 
means of the above expression, a given design can be tested out to see if it answers 
the theoretical conditions. A study of the formula will aid in forming conclu- 
sions regarding the proper truss spacing. 

The cost of materials and labor is such that the cost of the trusses per sq. ft. 
of roof is usually several times greater than that of the purlins. Roof covering 
costs vary with the nature of the covering, but will probably not exceed that of 
the purlins. These facts point toward a rather wide spacing of trusses, in order 
to secure maximum economy. If it were possible to obtain rolled sections which 
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would provide exactly the required areas for all truss members, it would be possi- 
ble to use rather a small truss spacing. But as can be seen from the design given 
in the chapters on the design of steel and wooden roof trusses, the sizes of many 
members are determined by the specifications, or by the requirements of standard 
practice. These requirements add considerably to the weight of the structure. 
From this discussion it can be seen that the cost of the trusses controls the econ- 
omy of the design, and the spacing of the trusses should be determined accordingly. 

Comparative estimates of cost, made by comparing the total cost of roof 
trusses of the same span length but with varying spacing indicate that for spans 
up to 50 ft. the most economical spacing is about 15 ft. for light loads (about 30 
Ib. per sq. ft.), or about 14 of the span. For spans of from 50 to 100 ft., the spac- 
ing should be about 34 of the span for the shorter spans and about 1é of the span 
for the longer spans, or from 15 to 20 ft. In many cases local conditions govern 
and determine the spacing of the trusses regardless of the economical conditions. 

5. Spacing of Purlins.—The spacing of the purlins is governed to a large extent 
by the roof covering, and to some extent by the type of roof truss. In the first 
place, the strength of the roof covering, considered as a beam spanning the dis- 
tance between purlins, determines the allowable span of the roofing, and in the 
second place, the position of the joints of the truss determines the possible points 
of support for purlins, and in this way determines the possible span of the roof 
covering. This assumes that the top chord of the truss acts only as a compression 
member. In some cases where the type of the truss is such that the distance 
between top chord joints is greater than the allowable span of the roof covering, 
purlins are placed at points between the chord joints. This arrangement has the 
disadvantage of subjecting the chord section to bending as well as direct stress, 
for the chord section must act as a beam as well as a chord member. But this 
is probably offset by the saving in weight of purlins made possible by the use of 
smaller closely-spaced sections. 

Roof coverings are often laid on sheathing, which is in turn supported by 
rafters laid parallel to the top chord of the truss and resting on purlins. By using 
suitable rafters, the purlin spacing can be made as desired. This construction 
is apt to result in a heavy roof. To avoid this, the sheathing is sometimes laid 
directly on the purlins, thus limiting the spacing of purlins 
to the safe span of the sheathing. This safe span is to 
be determined with reference to the bending stress in 
the sheathing, and also with respect to the allowable 
deflection of the sheathing, for in some cases the roof 
covering, as tile or slate, is likely to crack if the 
sheathing is subjected to excessive deflection. The 
allowable deflection is about 3499 part of the clear span. 

Figure 5 shows an inclined beam subjected to a 
vertical uniform load of w lb. per ft. of beam. Assuming 
that the sheathing is continuous over several purlins, 
the maximum moment is M = {9 wil?cos 6, and the fiber stress is given by the 


formula f = = - Placing the value of M in the formula for fiber stress and 


solving for J, the limiting span length, we have, for a rectangular section of width 
b and depth d, 
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In terms of the fiber stress, the deflection of a rectangular beam under a uniform 


2 
load is given by the formula A = x £ where E is the modulus of elasticity of 


the material, and the other terms have the same values as before. Substituting 
in this expression the value of f, and solving for 1, the limiting span, we find for 
an allowable deflection of 149 of the span, that 


= (= bate ec0)’s 


The smaller of the values given by the above equations is the allowable span for 
the sheathing under consideration. Table 2 gives the limiting spans for sheathing 
in common use for several load capacities and varying slope of roof, as determined 
by the above equations. 


TasLeE 2.—LiMITING SPANS FOR 1-1n. SHEATHING FOR VARIOUS LoAD CAPACITIES AND 
SLOPES 


f = 1,000 lb. per sq. in.; H = 1,000,000 lb. per sq. in.; d = 1 in. 
(Limiting spans given in feet) 


a Slope of roof in inches per foot 
Capacity in 


pounds per 
square foot 


0 2 4 6 8 10 | IZ 
9.13 9.20 9.35 9.66 10.02 10.43 10.85 
20 4.53 4.56 4.60 4.71 4.81 4.95 5.08 
8.17 8.22 8.37 8.65 8.97 9.35 9.72 
25 4.19 4.22 4.25 4.35 4.45 4.58 4.70 
7.45 7.51 7.64 7.89 8.17 8.52 8.86 
30 3.95 3.97 4.00 4.11 4.20 4.32 4.43 
6.46 6.51 6.62 6.84 7.20 7.39 7.69 
40 3.59 3.61 3.64 3.73 3.82 3.92 4.03 
laps Af 5.82 5.92 6.00 6.34 6.60 6.86 
50 3.34 3.36 3.40 3.47 3.55 3.65 3.75 
5.27 5.32 5.41 5.58 5.78 6503: pee 27 
60 3.13 3.15 3.17 3.25 3.33 3.42 3.52 


Nore.—Upper values = limiting span in feet due to bending. Lower values = 
limiting span in feet due to deflection. 
For limiting spans due to fiber stresses other than 1,000 lb. per sq. in., multiply 


lues in tabl ae 
upper values in table by the ratio 1,000 
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For limiting spans due to deflection for values of Z other than 1,000,000 Ib. per 
E 
1,000,000" 
For limiting spans for sheathing of other than 1 in. thickness, multiply values 
given in the table directly by the thickness of the sheathing in inches. 


_ sq. in., multiply lower values in table by the ratio | 


The limiting span for corrugated steel roofing, considered as a horizontal beam, 
is given by the Rankine formula as 
l= (0.178 ea 
w 
where S = working stress in lb. per sq. in., h = depth of corrugations in inches, 
b = width of sheet in inches, t = thickness of sheet in inches, w = safe load in lb. 
per ft., uniform load, and/ = allowable span in feet. Table 3 gives the allowable 
spans of corrugated steel for several load capacities per sq. ft. of roof. The values 
are computed from the above formula. 
TaBLE 3.—LimITING SPANS FOR CORRUGATED STEEL 
From Formula / = (0.178 ms 


S = 12,000 lb. per sq. in.;b = 12in.;h = %& in. 


Values of 1 in feet 


Gage t 
(in.) 

w=20 | w=25 | w =30 | w = 40 | w= 50 | w = 60 
16 ie 7.08 6.32 | ‘aie Of 5.00 4.47 4.08 
18 io 6.32 5.65 5.16 4.47 4.00 3.65 
20 340 5.50 4.91 4.48 3.88 3.47 Sele 
22, Yo 5.00 4.47 4.08 3.54 3.16 2.88 
24 \4o 4.49 4.01 3.66 Beli, 2.84 | 2.59 


6. Spacing of Girts.—Girts are members, similar to purlins, which are used 
to support the siding in a building in which the walls are formed by siding or 
corrugated steel carried on the columns which support the roof trusses. The 
design of girts is carried out by the same methods as given in the following chap- 
ter for purlins. 

The spacing of girts is governed by the same considerations as given in the 
preceding article for purlins. Allowable spacing of girts can be determined by 
the tables of the preceding article. Design methods are given in Art. 48. 

7. Purlin and Girt Details and Connections.—Wooden purlins can be made 
up of a single piece, or can be built up by spacing several narrow pieces side by 
side. When properly fastened together, either by nailing or bolting, built-up 
beams are equally as strong as a single piece, and are cheaper and easier to obtain. 
Such purlins are used either with wooden or steel roof trusses. 

The connection of wooden purlins to the roof truss depends upon the type 
of roof construction and the kind of truss. For wooden trusses, purlin connec- 
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tions of the type shown in Fig. 6 are in common use. In Fig. (a) the purlin is 
placed on the top of the chord section. This is often done when a deep roof 
covering is not undesirable. The purlin is held in position and prevented from 
overturning by means of a block or short piece of angle nailed or bolted to the 
top chord, as shown in Fig. (a). Where the depth of the roof construction is 
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limited, the connection shown in Fig. (b) is used. The purlin is suspended by 
means of a strap hanger, or by means of one of the patent hangers. Figures (c) 
and (d) show details of connections at the apex of the truss and at the wall. For 
the design of such connections see Art. 27. Figure (e) shows a type of connection 
used for wooden purlins on steel roof trusses. A short clip angle is riveted to the 
top chord and the purlin is fastened to this clip angle by means of lag screws. 

Purlins for steel roof trusses are generally made of rolled sections, although in 
some cases wooden purlins are used, as shown by the detail of Fig. 6(e). The 
rolled sections most used as purlins are the I-beam, the channel, and the angle. 
T-bars and Z-bars are sometimes used, but their use is limited, as Z-bars are hard 
to obtain, and the T-bar is not an ideal beam section. In selecting rolled sections 
from the steel handbooks, it is best to use the section of minimum weight for any 
given depth, as these sections are stock sizes and are easily obtained. A list of 
standard sections is given in Art. 10. 

Figure 7 gives details of I-beam, channel, and angle purlin connections. 
Figure (a) shows an I-beam connection. The connection is made by rivets or 
field bolts. Figure (b) shows the usual type of connections for angles and chan- 
nels. A clip angle is shop riveted to the truss, as shown. The length of this 
clip is such that at least one rivet can be placed in the end of each purlin. Figure 
(c) shows details of purlin connections at the apex of the truss. Figure (d) shows 
the arrangement at the wall for a truss on masonry walls. This arrangement is 
not always followed, for in many cases a purlin is not used at this point. These 
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sketches show two general classes of details. In one case the purlin is fastened 
directly to the top chord. In the other, adequate direct connection to the top 
chord can not be secured. To provide proper connection, the gusset plates are 
enlarged and the purlin is fastened to the plate by means of a standard I-beam 


or channel connection. As a great variety of special connections are in use for 

details at these points, only a few of the more common types are shown. 
Purlins for truss spacing greater than about 20 ft. can not be provided econom- 

ically by single rolled shapes. It is necessary to use a form of plate or trussed 
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girder, or if the span is not too great, a trussed purlin, such as shown in Fig. 8, 
can be used. Where the girder purlin is used, it is usually placed in a vertical 
position. A form of roof truss must be selected which contains vertical members 
so located as to provide proper end connections for the purlin. ‘Trusses of the 
type of Fig. 4 (i), (k), (I), or (m) provide the necessary vertical members, where a 
moderate span length is used. Trussed purlins are generally used where a very 
wide truss spacing is necessary to obtain maximum economy. 
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Girts are usually made of angle or channel sections. Figure 9 shows the 
method of connecting the section to the supporting column. For spans of 15 
ft. or more, it is necessary to provide a line of tie rods which extend vertically to 
the eaves. This relieves the bending stresses in the girts and permits the use of 
smaller sections. 

8. Connections between Purlins and Roof Covering.—Figure 10 shows a 
few of the methods used in fastening the roof covering to the purlins. Figure 
10(a) shows the details of connections between rolled steel sections and plank 


sheathing. As shown, a nailing strip is fastened to the section. The sheathing 
is then nailed to this strip. Where wooden siding is used, it is fastened to the 
girts in a similar manner. 

Corrugated steel roofing and siding are fastened to the purlins or girts by the 
methods shown in Fig. 10(6). Clinch nails are used with angle purlins, and some- 
times with the smaller channels. The nails are made of soft wire, and are clinched 
around the purlins. Strap fastenings are used with all sections. The straps 
are made of No. 18 gage steel about 34 in. wide, and are fastened to the covering 
by a stove bolt in each end of the strap. Clip fastenings are made of No. 16 gage 
steel. The usual dimensions are 114 X 214 in. They are fastened to the cover- 
ing by two stove bolts at one end of the clip to prevent turning. A nailing strip 
is preferably used with an anti-condensation lining, and also for fastening siding 
to girts. In all cases the fastenings are spaced about a foot apart. 

9. Bracing of Roofs and Buildings.—The bracing to be provided for a roof 
depends upon the character and use of the building. For a roof supported on 
masonry walls, the object of the bracing is to provide a stiff rigid structure which 
will not be subjected to vibration due to machinery or moving loads, such as 
cranes, etc. In the case of a roof supported on steel columns, the entire structure 
is dependent on bracing for stability against lateral forces. The trusses must be 
thoroughly braced and the columns must be connected by longitudinal and trans- 
verse systems of bracing. Without such bracing the structure would collapse 
in a high wind storm or due to stresses and vibration from moving loads, such as 
cranes. In general it can be said that bracing should be so located that the lateral 
forces will be transmitted as directly as possible to the walls and foundations of 
the building. 
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Bracing for a roof supported on rigid walls is not subjeet to analysis for 
stresses, as the forces acting on the bracing are indefinite in nature. The designer 
must use his judgment, based on past experience, in the determination of 
the form of bracing and the make-up of the sections. In the case of roofs sup- 
ported on columns it is possible to determine approximately the stresses in the 
bracing. This problem is considered in detail in the chapter on the ‘Detailed 
Design of a Truss with Knee-braces.” 


Bracing rcs Top Chord 
and Columns 
© 


Roof trusses supported on columns should be provided with bracing for the 
trusses and also bracing for the columns. Figure 11 shows the relative position 
of the required bracing. Every third or fourth pair of trusses should be rigidly 
braced with diagonals placed in the planes of the upper and lower chords of the 
trusses. The unbraced trusses between the pairs of braced.trusses should be 
connected to the others by unbroken lines of struts running the full length of 
the building and located at the eaves, the apex of the truss, and at several points 
in the plane of the lower chord of the truss, at distances apart depending upon 
the width of the building. These distances should be such that the diagonals of 
the bracing will form angles of about 45 deg. with the loads to be carried. 

Column bracing should be provided for the bays in which the trusses are 
braced, as shown in Fig. (a). This bracing consists of rods or rolled shapes. 
The bracing should be so arranged that the members make angles of about 45 
deg. with the horizontal. 

A system of bracing is also to be provided in the plane of the ends of the build- 
ing. This bracing must assist in carrying the transverse forces. Two forms of 


End Bracing (¢) 
Fig. 11. 
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such bracing are shown in Fig. 11. Figure (c) shows a knee-braced bent similar 
to the others. This truss provides the required bracing for transverse forces, 
and also supports a set of vertical members which carry the girts and siding. The 
horizontal forces brought to the lower chord of this truss by the siding are resisted 
by the horizontal trusses in the plane of the lower chord of the main trusses. 

Figure (d) shows an arrangement of vertical beams which carry the girts and 
the siding. These beams transfer part of their load to the bracing in the plane 
of the lower chord of the main trusses. Vertical diagonal bracing is provided in 
the plane of the end of the building, as shown in Fig. (d). 

Buildings with rigid side and end walls of masonry require bracing only in 
the planes of the upper and lower chords of the trusses. This bracing can be 
of the same general form as described above for the roof on steel columns, except 
that a strut is not required at the eaves. A detail design of bracing for a roof of 
this kind is given in the chapter on the ‘‘ Detailed Design of a Steel Roof Truss.” 

10. Choice of Sections.—In selecting the rolled shapes with which the 
members of the truss are to be formed, the designer must be governed not only 
by the required area but also by the ease with which the section can be obtained 
from the rolling mills. If any section is in great demand, it will be rolled at fre- 
quent intervals, while a section for which there is little demand will be rolled only 
when the orders on hand will warrant a rolling of the section. It often happens, 
therefore, that the time element will determine the section to be used instead of 
the stress to be carried. 

The sections which are the easiest to obtain, as a rule, are those of minimum 
weight for the shape in question. It will be found best to use as small a number 
of sections and sizes as possible, thereby insuring quick delivery. The various 
mills and large bridge companies have certain standard and permissible sections 
for which quick delivery is fairly certain. A short list of standard and permissible 
sections used by the American Bridge Co. is given in Table 4. 


TABLE 4! 
STANDARD PERMISSIBLE, 
ANGLES ANGLES 
G20" In. Oe ak 3 Xs) an. 6 xX 3 in. 
4 4 in. 5 X3k in. Oy) k Gy) Fk 4 X33 in. 
3% X 3 in. 4 X83 in. 2144 X 2)4 in. 3% X 2 in. 
fae ot Int 336 X3 in. Be So Bie in: ot Oe ean 
24 X 24 in. 38 X23 in. 
246 X 2. in 
STranpDARD CHANNELS PERMISSIBLE 
CHANNELS 
15 in. 8 in. 9 in. 
12 in. 6 in. , 7 in. 
10 in. 5 in. 
STANDARD I-BEAMS PERMISSIBLE 
I-BEAMS 
20 in, 10 in. 24 in. 
18 in. 8 in. 9 in. 
15 in, 6 in. pins 
12 in. 5 in, 


1 “Steel Mill Buildings,’ and ‘Structural Engineers’ Handbook.’ by M, 8. Ketchum. 
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11. Form of Members for Roof Trusses.—Members for wooden roof trusses 
are made preferably of single pieces of timber, square or rectangular in shape. 
Where single pieces can not be obtained, members are built up of planks securely 
fastened together so that the parts of the member will act as a unit. The design 
of members of a wooden roof truss is considered in another chapter. 

Figure 12 shows the form of members in general use for simple roof trusses 
of the type shown in Fig. 4. Compression chord and web members are made up 
as shown in Fig. (a). For members subjected to moderate stresses, two angles 
placed back to back, as shown in Fig. (a), will provide sufficient area. Angles 
with unequal legs are preferable, the longer legs to be placed together. In this 
way the ratio of length to radius of gyration of the combined section for axes OX 


‘So Cee 


Fie. 12. 


ee El a ee 


o, \ \ 


\ 


and OY of Fig. (a) can be made equal, or nearly so. The resulting column is 
then of equal rigidity in all directions. To make certain that the two angles 
act as a unit, they must be riveted together at intervals such that the ratio of 
unsupported length to radius of gyration for a single angle is equal to or less than 
that for the combined section. This detail will be considered further in Art. 37. 

Connections between chord and web members are made by separating the 
two angles by a small space which will allow a connecting plate to be inserted, 
as shown in Fig. (b). This space between the angles is maintained over their 
entire length by means of ring fills or washers located at the connecting rivets. 
The size and shape of the connecting plates, which are known as gusset plates, 
depend upon the number of rivets to be provided in the connection. 

Where very large stresses are to be carried, the form of members shown in 
Figs. (c), (d), and (e) are used. The form of Fig. (c) shows two rolled channels 
in place of angles, and Fig. (d) shows a built-up member consisting of 4 angles and 
1 plate. In some cases the form of Fig. (e) is used. This form consists of 2 
angles and 1 plate. The plate acts as a part of the chord member, and at the 
joints it acts as a gusset plate, similar to the arrangement shown in Fig. (). 

In some forms of trusses the purlin spacing is such that purlins must be placed 
at points between the top chord joints. The top chord section is then subjected 
to bending in addition to direct stress, and the section must be designed as a 
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combined beam and column. For members subjected to moderate stress and 
bending, the form of member shown in Fig. (a) can be used. Figures (c) and (d) 
show forms adapted for large moments and direct stresses. The form of Fig. (¢), 
although often used for members subjected to bending, is not a desirable form of 
beam section. This is due to the fact that the top chord member of a roof truss 
is continuous from end to end, thus forming a continuous girder, and the moments 
at points of support are negative. Therefore the narrow edge of the plate at A, 
Fig. (e), isin compression. As this plate is not well supported at the joints, it is 
likely to buckle sidewise. The forms of Figs. (c) and (d) are not subject to this 
objection. 

Tension members are also made of two angles placed as shown in Fig. (a). 
Equal legged angles can be used for tension members, as it is not necessary to 


secure equal rigidity in all directions. Where tension members are subjected 
to bending as well as direct stress, the forms of Figs. (c) and (d) can be used. 

12. Joint Details for Roof Trusses.—The design of joint details of a roof 
truss is a matter of the greatest importance. An investigation of the causes of 
roof truss failures will show that, in most cases, the failure can be traced to faulty 
joint details. ‘The same care and study should be devoted to the design of joints 
as to the design of the main members. . 

‘In designing joints, a point of great importance is that the center lines of all 
members entering a joint should meet at a common point, which should be located 
at the intersection of the center lines of the truss members, as shown in Fig. 13 (a). 
If this point is overlooked, as shown in Fig. (b), where the intersection point of 
the diagonals is at a distance a from the line of action of the remaining members, 
there is set up a bending moment Pa, which tends to twist the joint out of posi- 
tion. This moment must be resisted by the members entering the joint. Proper 
provision should be made for the increased stresses, or the detail should be 
changed so as to eliminate the moment. 

The designer, in addition to satisfying the above requirement, should carefully 
trace the stresses from the several members into the joint, making certain that 
proper connections have been made, and that all parts are proportioned to care 
for the stress which they may be called upon to carry. 

Most specifications state that symmetrical sections shall be used for principal 
members. Others allow the use of single angles for members with small stress. 
Figure 14 shows a connection made for a member composed of a symmetrical 
section and another made of a single angle. In Fig. (b) is shown a symmetrical 
member composed of two equal angles, one on each side of the gusset plate. The 
stress in the member can then be considered as brought directly to the gusset 
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plate. In Fig. (a), where a single angle is used, the center line of the member and 
the plane of the truss do not coincide. The member is then subjected to a direct 
stress P and a‘bending moment M = Pa, where a is the distance from the center 
of gravity of the angle to the plane of the truss. For the conditions shown in 
Fig. (a), the design must be carried out by the methods given for bending and 
direct stress in the volume on “Structural Members 
and Connections.””’ The usual methods often Vay 
neglect entirely the effect of the eccentric connec- 
tion, which leads to a faulty design. 

In addition to the large bending stresses in the 

member in question, as shown in the detail of Fig. 

14(a), there is also present the effect of the eccentric 

load on the other truss members. A load applied \p 
to the side of a plate, as shown in Fig. (a), tends 
to twist the top chord out of line, thereby setting @ 7) 
up additional stresses in the chord section. It 
therefore seems best to specify that all members 
carrying calculated stress shall be composed of symmetrical sections, or 
sections which will allow a symmetrical connection of the form shown in Fig. (6) 
to be made. 

13. Loadings for Roof Trusses.—The load to be carried by a roof truss con- 
sists of the weight. of the truss, the roof covering, purlins, bracing, and any other 
loads, such as ceilings, suspended floors, and machinery, etc., in factory buildings. 
In addition to these loads, the roof must be designed to carry the maximum wind 
and snow loads which experience shows are likely to occur in the particular local- 
ity. These loads will be considered in the following articles. 


Fig. 14. 


TaBLe 5.—WEIGuHTS or BuILDING MATERIALS 


(Pounds per square foot) 


a OTET DOLE EP RUG LS rls se sits oe wie ose eo) aha ene/aie die ions: ¥ eh 14 
Corrugated iron, painted or galvanized 
No. 26, 1 lb.; No. 24, 1.3 Ib.; No. 22. 1.6 lb.; No. 20, 1.9 
Ib.; No. 18, 2.6 lb.; No. 16, 3.3 lb. 


Melt aie aaa LOOM ae tothe Seal ke be ala poles p is ora ans ? 
MPELGFANIC IT AVE TOOUN ES ort. Naty ale Dat ctere se lv tte slai ole ene 8 to 10 
Plsabered sCollitiie wien iar tek tre -clale i Mat eaia cic tte «iale dhs ‘ 10 
Sheathing, 1 in. thick 
White: pinewhemlock; spruces )..cheester: 0714 she ore every > 3 
WiellowsROMUDGMbDpING: 2 aera eee Sener e yh epee o)a 0 a8, 4 
Shineles COOMINOM war pein okt diy atid, Ae Pal Ald sles eee 24 to 3 


Skylights, including frames 
14-in. glass, 414 lb.; 5{¢-in., 5 lb.; 3g-in., 6 ib. 
Tile, corrugated, 8-10; flat, 15-20. 
Bist CHECESFOUBNIUCIERS te an steve spate es aisle atiye ae ae yee 1 to 1% 


When a roof truss is to be designed to carry additional loads of the nature 
mentioned above, the amount of these loads must be determined, together with 
their points of application on the truss. To assist in the calculation of these loads 
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there is given in Table 5 the weights of building materials in common use for 
rooting. 

14. Weight of Roof Trusses.—The weight of a roof truss must be known 
before the true maximum stresses can be determined. Since the size of the mem- 
bers, and therefore their true weight, is dependent upon the stresses, it follows 
that the true weight of the truss must be known before a correct design can be 
made. The true weight of a truss can be determined by cut and try methods. 
A preliminary design can be made using an assumed weight. The weight of 
the structure as designed can then be determined and the assumed and ecaleu- 
lated weights compared. If these weights do not agree within a reasonable limit, 
another design must be made, using an estimated weight based on the calculated 
weight of the preliminary design. This process, if repeated, will finally lead to 
the desired true weight. 

In general it will be found that for trusses of moderate size, spans of 80 ft. 
or less, the weight of the truss is a small part of the total load to be carried. The 
greater part of the load, as the weight of the roofing, purlins, bracing, and the 
wind and snow loads, can be determined as soon as the local conditions are known. 
For ‘trusses of the size mentioned, it will be found that the weight of the truss 
represents about 10 or 15 per cent of the total load to be carried. Therefore the 
preliminary estimate of truss weight need not be very accurate, as a relatively 
large error in the estimated weight will result in a small error in the total load. 
Thus, if the dead load be 15 per cent of the total load, and an error of 30 per cent 
be made in estimating the dead load, the resulting error is 0.8 X 15 = 4.5 per 
cent of the total load. It is therefore probable that the true weight, as deter- 
mined by the process outlined above, can be found from the second trial design. 

Bridge companies and designing engineers have collected the actual shipping 
weights of roof trusses of moderate span designed for a great variety of loading 
conditions. From this information empirical formulas have been derived from 
which it is possible to estimate the approximate weight of a given truss. Instead 
of using the long process indicated above, the weight of a truss is calculated from 
a selected formula. If the proper formula has been used, the actual and assumed 
weights will usually be found to agree within reasonable limits, and a revision will 
not be necessary. 

The factors which influence the weight of a roof truss are the type of truss, 
pitch of roof, character of roof covering, distance between trusses, amount and 
distribution of loading, assumed combinations of loading, working stresses, gen- 
eral requirements of the specifications as to details and minimum thickness of 
material, and the personal equation of the designer. It can be seen, then, that a 
formula for roof truss weight, in order to yield reliable results, must be used for 
the conditions for which it was derived. In most cases this information is not 
given with the formula. As there are so many factors which affect the weight of 
a truss, it is to be expected that the formulas collected from different sources will 
not agree. An interesting comparison of this nature made by R. Fleming is 
given in the Eng. News-Record, vol. LXX XII, No. 12, March 20, 1919, p. 576, to 
which the reader is referred. 

From an examination of the weight data for a large number of simple roof 
trusses of 14 pitch supported on masonry walls, the weight per sq. ft. of horizontal 
covered area was found to range from about 2 to 2.5 lb. for spans of 30 ft. to about 
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5 or 6 lb. for spans of 100 ft. Within these limits the weight of bracing was found 
to vary from about 0.3 to 0.8 lb. Trusses of greater or less slope were found to 
have weights differing from 5 to 25 per cent of the values given above. The 
variation in weight due to different loadings was found to be equal to from 25 
to 75 per cent of the change in loading. Trusses with cambered lower chords 
were found to weigh from 15 to 40 per cent more than corresponding trusses with 
flat chords. 

The following formulas are a few of those proposed for the determination of 
the weight of roof trusses. 


TaBLE 6.—ForRMULAS FOR WEIGHT OF Roor TRUSSES 


Formulas for Wooden Roof Trusses 
w = 0.042 + 0.000167L? N. C. Ricker 
w = 0.5 + 0.075L H. 8. Jacoby 
w = 0.75(1 + 0.10L) M. A. Howe 
Formulas for Steel Roof Trusses 


w = 0.06Z + 0.6 for heavy loads 
7 =.0,041, +- 0,4 for light loads je. Pa 
w = 0.20(+/L + 0.125L) Carnegie Handbook 


For 40 lb. per sq. ft. capacity. For other loads multiply formula by ratio: Load 
per sq. ft. + 40. 
Formula for steel mill building trusses 


P L 
w= (1 75) M.S. Ketchum 


In the above formulas, w = weight of truss in lb. per sq. ft. of horizontal 
covered area, L = span in feet, A = distance between centers of trusses in feet, and 
P = capacity of truss in lb. per sq. ft. of horizontal covered area. 

In roof trusses for large structures, such as long span trusses for train sheds or 
auditoriums, the dead weight of the trusses forms a large part of the total load to be 
carried. The weight of the trusses must then be known within much narrower 
limits than in the case of short spans. As long span roof trusses are not as com- 
mon as those of shorter spans, there is available very little weight data from which 
to derive weight formulas. Also, the conditions to be met differ so widely that a 
general formula available for all cases is entirely out of the question. The 
designer must then resort to the cut and try method outlined above for the deter- 
mination of the weight of the trusses. 

15. Wind Loads.—The maximum wind load to be carried by a roof has been 
determined by experiment and by observation of the results of severe wind storms. 
Experiments show that the pressure on a. plane surface normal to the direction of 
the wind varies approximately with the square of the wind velocity. From 
experiments made at Mt. Washington in 1890, Prof. Marvin derived the formula! 


P = 0.004V? 


where V = velocity of wind in miles per hour, and P = pressure in pounds per 
sq. ft. Later experiments made at the Eiffel Tower and at the National Physica! 
Laboratory of England gave results in close agreement, but with somewhat 


12ng. News, Dec. 13, 1890. 
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smaller values than obtained by Prof. Marvin. The observed values are 


expressed by the formula 
P = 0.0032V2 


It was found by observation that the pressure varied greatly over a large area, 
due to the variable character of the wind. During the erection of the Forth 
Bridge, Sir Benjamin Baker found that the ratio of unit pressure upon an area of 
114 sq. ft. to that on an area of 300 sq. ft. varied from 1.3 to 2.5, averaging 1.5. 
During a seven-year period the maximum observed pressure on the smaller area 
was 41 lb. per sq. ft.; while that on the larger area was 27 |b.} 

No measurements have been made of wind pressures during tornadoes. 
Damage resulting to structures during the St. Louis tornado of 1896 indicated 
that there must have been a pressure of 60 Ib. per sq. ft. on a length of 180 ft.” 
A study of the effects of tornadoes made by C. Shaler Smith and others leads 
to the conclusion that the maximum wind pressures are exerted over a compara- 
tively small width, and that pressures exceeding 30 lb. per sq. ft. are not likely to 
extend over a width exceeding 60 ft.* 

A study of the above data indicates that a maximum pressure of 30 lb. per 
sq. ft. is ample for structures in an exposed position. For structures in a pro- 
tected position, 20 to 25 lb. per sq. ft. is ample. 

The results quoted above are for surfaces perpendicular to the direction = 
the wind, which is assumed as horizontal. In the case of roof trusses, the roof 
surface is usually inclined to the horizontal, and therefore to the direction of 
the wind. It is usually assumed that the resultant pressure of the wind is entirely 
normal to the roof surface. This assumption is reasonable, since the friction of 
the air on comparatively smooth surfaces is very small. The component of wind 
pressure parallel to the roof can then be neglected without 
sensible error. 

The pressure on surfaces inclined to the direction of the 
wind has been determined by experiment. Experiments 
made in 1829 by Col. Duchemin, a French army officer, 

Fra. 15. are the basis of the Duchemin formula, which is considered 
to give the most reliable results and to represent the best 
knowledge on the subject. The Duchemin formula is 


where P = unit pressure in lb. per sq. ft. on a surface perpendicular to the 
direction of the wind, P, = component of pressure normal to the roof, and a = 
angle which the inclined surface makes with the direction of the wind. The 
vertical and horizontal components of P,, shown in Fig. 15, are given by the 
formulas 

_ ne Sin” we 2 sin a cos @ 

3 ea Sp a and gh Lak Sar en ee 
where P;, and P, are respectively the horizontal and vertical components of the 
unit pressure. Table 7 gives values of P, for various angles. 

1 Engineering, Feb. 28, 1890. 


2 Trans. Am. Soc. C. E., Vol. XXXVII, p. 221. 
3’ Trans. Am. Soc. C. E., Vol. LIV, p. 37. 
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TaBLE 7.—Wrnp Loap IN Pounps per Square Foor or Roor Surrace 
ee eee ee 


Normal pressure, P, 
Inclination — ~ 
. P = 30 lb. P = 20 lb. 
5° ol 3.4 
10° 10.1 6.7 
15° 14.6 9.7 
21° 48’ 5” (1£ pitch) 19.8 13.1 
26° 33’ 54” (34 pitch) 22.4 14.9 
30° 24.0 16.0 
33° 41’ 24” (14 pitch) 25.5 17.0 
45° (44 pitch) 28.3 18.9 
60° 29.7 19.8 
90° 30.0 20.0 


Experiments made on small scale models of buildings indicate that the action 
of the wind causes a suction on the leeward side of the building in addition to the 
pressure on the windward side. An account of these experiments will be found 
in the Proc. Inst. Civ. Engrs., vol. CLVI, p. 78, vol. CLXXI, p. 175; and in the 
Journ. Western Soc. Engrs., Feb., 1911, Apr. and Dec., 1912. While this suction 
undoubtedly exists, as shown by the bursting effect of tornadoes, it is diffi- 
cult to formulate a set of practical conditions to be used as a basis for designing. 
The experiments quoted above were made on small models, closed on the leeward 
side. Open windows on the leeward side of a shop building, or monitors at the 
ridge, will relieve all or a part of the pressure due to suction. This action 
should be recognized and provided for to the extent of making all members cap- 
able of resisting a reversal of stress, and by providing proper anchorage of trusses. 

16. Snow Loads.—The snow load to be carried by a roof truss is a variable 
quantity, depending upon the slope of the roof, the latitude, and the humidity. 
Dry freshly fallen snow weighs about 8 lb. per cu. ft., and may attain a depth 
of 3 ft. on flat roofs. Packed or wet snow weighs about 12 lb. per cu. ft., but 
seldom will be found at greater depths than 18 in. 

Table 8 gives snow loads for various latitudes and roof pitches. 


TaBLe 8.—SNow Loaps ror Roor TRUSSES 


(Pounds per sq. ft. of roof surface) 


Pitch of roof 


| 
Location | pe arg 
| 4g | % 4% | \ | Flat 
x Tt * tT ed tT 

Southern States and Pacific Slope..... 0-0 0-5 0-5 5 5 
MSTA ET AO UE ois, 6 cic died x.a.e, ae saya,» el aye 0-5 7-10 15-20 22 30 
Rocky Mountain States............. 0-10 10-15 20-25 27 35 
New England States................ 0-10 10-15 20-25 35 40 
MNOUEMWESUANEALES,.0 2. v-nc ot baw een 0-12 12-18 25-30 37 45 


* For slate, tile, or metal roofs. + For shingle roofs. 
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17. Combinations of Loads.—The proper combination of wind and snow load 
to be used with the dead load for the determination of the maximum stresses in 
the members of a truss is largely a matter of judgment on the part of the designer. 
It is generally assumed that the wind pressure acts normal tp the windward 
surface of the roof, there being no pressure on the leeward surface. The unit 
pressure on a, vertical surface is generally taken at 30 lb. per sq. ft. for exposed 
structures and at 20 lb. per sq. ft. for sheltered structures. Pressures on inclined 
surfaces are usually determined by the Duchemin formula for which values are 
given in Table 7 of Art. 15. The snow loads are given by Table 8 of Art. 16. 

Some designers assume that the maximum stresses in a roof truss are due to 
the dead load and a combination of the full wind and snow loads acting at the 
same time. This does not seem to be a reasonable assumption, for it implies 
that the snow remains undisturbed under a wind velocity of 100 miles per 
hour. A wind storm of this intensity would blow all of the snow off a roof as fast as 
it falls. 

Wet snow or sleet is likely to adhere to the roof surface even in a high wind, 
but the depth of such a deposit will seldom be greater than one-half of the prob- 
able maximum for that region. It would then seem best to provide for the maxi- 
mum wind load and a snow load equal to one-half the value given in Table 8. 
In some cases the minimum snow is assumed to be 10 lb. per sq. ft. of roof for all 
slopes. To provide for the condition that a heavy snow storm may be accom- 
panied by a light wind, it is sometimes specified that the maximum snow load 
shall be combined with a wind pressure of such intensity that the snow load will 
not be disturbed. This wind pressure is estimated at from 14 to 44 of the 
maximum wind pressure. 

Other designers assume that the snow load exists only on the leeward surface 
of the truss in combining wind and snow loads. This assumption does not seem 
reasonable, as eddy currents are set up on the leeward surface of the truss due to 
the reduction of pressure caused by the wind blowing over the top of the roof. 
These currents of air tend to clear the leeward surface of all snow. 

The combinations of loading which seem to be most reasonable, and to 
approximate actual conditions are: 

(a) Dead load and maximum snow load. 

(b) Dead load, maximum wind load, and one-half the snow load or a mini- 
mum snow load of 10 lb. per sq. ft. of roof. 

(c) Dead load, one-half or one-third wind load, and maximum snow load. 

The stress to be used in the design of the member is the greatest obtained from 
these combinations. In a region of moderate snow fall it will be found that the 
stresses obtained for (b) and (c) are practically equal for trusses of the type of 
Fig. 4. For very large roofs of varying slopes both combinations must be tried 
out to determine the maximum stress. Where a heavy snow fall occurs, as in 
the far North, it is very likely that cases (a) or (c) will give the maximum stress. 

It has been found that for simple roof trusses of the type shown in Fig. 4 
resting on masonry walls, the maximum stresses due to wind and snow loading 
for cases (b) and (c) do not differ materially from those determined for a uniform 
vertical load over the entire roof surface. The great advantage of such a method, 
for the cases to which it will apply, is the ease with which the stresses can be 
determined. By means of the tables of stress coefficients given in the volume on 


Sec. 2-17] ROOF TRUSSES 151 


“Stresses in Framed Structures,” the time spent in stress calculation can be reduced 
greatly. 

Before this short cut method of stress calculation is applied to the determina- 
tion of the stresses in a given truss, it is necessary to know the limitations of the 
method. Comparative stress calculations made by the uniform vertical load 
method and by the normal wind load method for trusses of the Fink, Pratt, and 
Howe type, as shown in Figs. 4(a) to (k) incl., and (p) show that for wind effect 
only, the first method of calculation gives chord stresses which are greater than 
those obtained by the second method, while the second method gives stresses 
in some of the interior members which are greater than those obtained by the 
first method. In no case was a reversal of stress found to occur. Since the 
stresses due to wind form from 4 to ¥ of the total stress in the members, it was 
found that when the combined effect of the dead, snow, and wind loads was con- 
sidered, the total stresses obtained by the two methods were close enough for 
all practical purposes. 

One of the important points in a short cut method of this nature is the selec- 
tion of the proper equivalent uniform load to be used. This is a matter on which 
the designer must use his judgment. Before deciding on the load to be used, the 
designer should make a study of the case in hand. By trial an equivalent load 
ean be determined which will answer the conditions. This load will differ for 
trusses of different types, a point which must be checked up by the designer. 
Table 9 gives values of combined wind and snow loads. 


TaBLE 9.—CoMBINED WIND AND SNow Loaps ror Roor TRUSSES 
(Pounds per sq. ft. of roof surface) 


Pitch of roof 


Location 
6oe | 45° | M4 | ” | \4 | Plat 
Bortmwest Statesa.. tek! 22). #2). cn a9 30 30 25 30 37 45 
New Mngland States..2.. 26 s.cesc sm... 30 30 25 25 35 40 
Rocky Mountain States............... 30 30 25 25 27 35 
(CA CURES UC, io rl enn ae 30 30 25 25 22 30 
Southern and Pacific States............ 30 30 25 25 22 20 


| 


A point which comes up in the determination of the areas of the sections for 
the members of a roof truss is the working stresses to be used for the different 
kinds of loadings. Most designers determine the maximum stresses by either of 
the methods mentioned above and apply the same working stresses for all 
loadings. 

In deciding this point, it should be noted that the loads carried by a roof truss 
differ in nature. Thus the dead load is always present, and must be included in 
all combinations of loading. The snow load is not always present, but when 
present, it can be expected to exist for a considerable time. For loads of the 
character of the dead and snow loads, which may be considered as permanent 
loads, the allowable working stresses as specified, should be used. The wind 
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load, on the other hand, is quite variable in nature. Brom the values given in 
Art. 15, the specified wind load of 30 lb. per sq. ft. is due to a wind velocity of 
about 100 miles per hr. Such a wind pressure is then an extreme condition 
which is encountered but few times in the life of a structure, and then only for 
very short, intervals of time. Maximum wind pressure can then be classed as an 
occasional loading, and the working stresses modified accordingly. This point 
has been discussed by R. Fleming in an excellent series of articles on ‘‘ Wind 
Stresses.”1 He recommends that the working stresses for wind loads, when 
combined with dead and snow loads, be increased 50 per cent. This is done by 
decreasing the intensity of the unit wind pressure by 14, and applying the same 
working stresses as for the dead and snow loads. Further discussion of this 
question will be found in the chapters on steel roof truss design. 


DESIGN OF PURLINS FOR SLOPING ROOFS 


18. Purlins Subjected to Unsymmetrical Bending.—A purlin is a member, 
generally a simple beam, which supports the roofing between adjacent trusses. 
Figure 16 shows the position of a purlin with respect to the other parts of a roof. 
A complete discussion of choice of purlin 
sections, details of connections of purlins to 
trusses, and methods of fastening roof cover- 
ing to purlins will be found in following 
chapters. 

As shown in Fig. 7, p. 139, for steel roof 
trusses, and in Fig. 6, p. 138, for wooden roof 
trusses, purlins consisting of rolled shapes, or wooden beams, are usually 
placed with the webs, or sides, perpendicular to the top chord of the truss. Since 
in most cases the applied loads are vertical, or nearly so, it follows that the plane 
of loading and the principal axes of the section do not, in most cases, lie in the 
same plane. Problems in design and stress determination for such conditions 
can not be solved by the methods ordinarily used for simple beams, but require 
more general formulas which take into account the fact that the plane of bending 
and the principal axes of the section are not coincident. Bending of this nature 
is known as unsymmetrical bending, the formulas for which are given in the 
volume on “‘Structural Members and Connections.” 

19. Load Carried by a Purlin——The amount and character of the load to be 
carried by a roof purlin depends to some extent upon the kind of roof cov- 
ering, the slope of the roof, and the location of the structure. These points are 
considered in detail in Arts. 13 to 16 inclusive, where tables of values are given for 
the different loads. 

The load which a purlin must be designed to carry is a combination of the 
weight of the purlin and roof covering, the snow load, and the wind load. These 
loadings are to be combined so as to give the maximum possible stress on the beam 
section. In general three combinations of loading are used. They are: 

1. Dead load and snow load. 

2. Dead load and wind load. 

3. Dead load, wind load, and one-half snow load. 

1 Eng. News, Vol. LXXIII, No. 5, p. 210, Feb. 4, 1915, 
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Under Case 3 only one-half of the snow load is considered. This is due to the 
fact that maximum wind and snow loadings are not likely to occur at the same 
time. If a high wind is blowing at the time snow is falling, the snow will be 
blown from the roof as fast as it falls. In the case of a wet snow or sleet, part of 
the snow will stay on the roof in spite of the wind. An allowance of one-half the 
maximum snow load seems to be reasonable for this condition. 

The dead and snow loads are vertical forces, while the usual assumption 


_regarding the wind load is that it acts perpendicular to the surface of the roof. 


For the combinations given above, (1) represents a vertical load, while (2) and 
(3) are inclined at an angle to the vertical. 

20. Conditions of Design.—The conditions of the design are governed to some 
extent by the roof covering. Where the covering is very rigid, as in the case of 
wooden sheathing on common rafters, the loads can be resolved into components 
parallel and perpendicular to the roof. The component parallel to the roof is 
assumed as carried by the sheathing, and the component perpendicular to the 
roof is assumed as carried by the purlin. This is equivalent to assuming that 
the beam section is free to bend only in a plane perpendicular to the roof. 

Where the roof covering consists of a material such as corrugated steel, which 
provides little or no lateral support for the purlin, the assumptions made above 
can not be used. It is then necessary to design the purlin as a beam which is 
free to bend in any direction, making use of the methods of unsymmetrical bend- 
ing set forth in the volume on “Structural Members and Connections.” 

Purlins designed under this assumption are likely to require excessively large 
sections. To avoid this, the purlins are often partially supported laterally by 
means of tie rods. Smaller sections can then be used for the purlins. 

The methods of design to be used in the cases mentioned above will be fol- 
lowed out for typical cases which will illustrate the methods to be used. 

21. Design of Purlins for a Rigid Roof Covering.—Let it be required to design 
the sheathing, rafters, and purlins for a roof capable of withstanding the maxi- 
mum combination of the dead load of its members and the wind and snow loads 
given in Art. 17. The material is to be pine with a working stress of 1,000 lb. 
per sq. in. Assume that the roof is covered with shingles; that the span of the 
rafters is 9 ft. (measured along the line of the roof surface, which makes an angle 
of 30 deg. with the horizontal), and that the trusses are 12 ft. apart. Figure 17(qa) 
shows the general arrangement of members. 

In making up the combinations of loads carried by the members it will be 
found convenient to determine the resultant load carried by a single square foot 
of roof. The resultants for the several combinations giver above are as follows: 

Case 1.—From the tables given in Art. 13, shingles weigh about 3.0 lb. per 
sq. ft. of roof, and l-in. sheathing weighs about 4.0 lb. per foot board measure. 
The dead load is then 7.0 lb. per sq. ft. of roof, a vertical load. From Table 8, 
p. 149, the snow load for a roof at an angle of 30 deg. to the horizontal is 15.0 
lb. per sq. ft. of roof. The total vertical load is then 22.0 lb. persq. ft. of roof, and 
the component perpendicular to the roof is 19.0 lb. per sq. ft., as determined by 
the force diagram of Fig. 17(c). 

Cases 2 and 3.—It is quite evident that the resultant for Case 3 has a greater 
component perpendicular to the roof than Case 2. As the direction of bending is 
not in question under the assumed conditions, we can pass at once to Case 3. 
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The dead load for Case 3 is the same as for Case 1, and the snow load is one- 
half as large as for Case 1. The vertical component of loading is then, 4 + 3 + 
7.5 = 14.5]b. per sq. ft. of roof. From Table 7, p. 149, the wind pressure normal 
to the roof is 24.0 Ib. per sq. ft. of roof. As these loads are not in the same direc- 
tion, the resultant can be obtained by means of a force diagram. The component 
of load perpendicular to the roof can be determined by resolving forces parallel and 
perpendicular to the roof surface. The force diagram of Fig. 17(e) shows that the 
component perpendicular to the roof is 36.9 lb. per sq. ft. of roof. Similar calcu- 
lations have been made for Case 2; the force diagram is shown in Fig. 17(d). 


Spt 
502*0'=10-0"" f 
Common rafters; 


% SS 
C70.c trusses 


@) a 
af 


Case 2 Caen = 
CH, (e) 
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Design of Sheathing.—The sheathing is not usually designed, except where 
unusual conditions are encountered, such as heavy loads or rafter spacing greater 
than the normal, which is from 16 to 24 in. Under normal conditions, 1-in. 
sheathing will be found to provide sufficient strength. 

In the case under consideration, assume that 1-in. sheathing is used and that 
the spacing of rafters is 24 in. The moment due to the normal component of 
Case 3 for a section of sheathing 1 ft. wide is, M = kkwl? = 1¢(86.9)(2)2(12) = 
221.4 in.-lb. This moment is resisted by a 1 X 12-in. section of sheathing, for 
which the section modulus is I[/c = }ébd? = (12) X (1)? = 2.0 in? The 
resulting fiber stress is then f = Mc/I = 221.4/2.0 = 110.7 lb. persq.in. This 
stress is very low, indicating that for ordinary conditions the design need not 
be carried out. 

Design of Common Rafters —A 2 X 6-in. rafter will be assumed. At 4 lb. 
per ft. board measure, the dead weight per foot of rafter is (2 X 6{9)4 = 4 lb. 
The roof area per foot is 2.0 sq. ft., and the normal load to be carried for Case 3 
is 2 X 36.9 = 73.8 lb. per ft. of rafter. Adding the weight of the rafter, the total 
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load to be carried by the rafter is a uniform load of 77.8 lb. per ft. The moment 
is M = 3wl? = 1¢(77.8)(9)2(12) = 9,460 in.-lb. 

The section modulus of a 2 X 6-in. rectangle is bd? = 1¢(2)(6)? = 12 in.?, 
and the fiber stress is f = Mc/I = 9,460/12 = 788.0 lb. persq. in. As the allow- 
able fiber stress is 1,000 lb. per sq. in., the assumed section is sufficient. Rafter 
sections come in commercial sizes, which are 2 X 4, 2 X 6, 2 X 8, ete. It is 
therefore not possible to meet exactly the allowable fiber stress conditions with 
the available sections. 

Design of Purlins—As shown in Fig. 17(a), the purlin section is set at right 
angles to the rafter. It is then subjected to a normal load due to the rafters from 
adjacent panels. In some cases the applied loads are considered to be uniformly 
distributed along the purlin, and in other cases the loads are assumed as concen- 
trated at each rafter. This latter assumption more nearly approximates the 
actual conditions; it will be used in this design. 

As shown in Fig. 17(a), each purlin carries the ends of two rafters. Each 
rafter load is then due to the normal load on 9 ft. of rafter. Including the weight 
of the rafter, each load is 9 X 77.8 = 700 lb. Figure 17(b) shows the position of 
the loads. It will be found that the maximum moment for the position shown is 
slightly less than for an arrangement which places a load directly at the center of 
the purlin. From Fig. 17(b), the moment at the beam center is, M = [(2,100)(6) 
—700(1 + 3 + 5)J12 = 75,600 in.-lb. Assuming a 6 X 10-in. purlin, whose 


weight is (6 xp = 20 lb. per ft., the moment due to its weight is M = 


lywl? = 14(20)(12)2(12) = 4,320 in.-lb. The total moment is then 75,600 + 
4,320 = 79,920 in.-Ib. 


For allowable f = 1,000 lb. per sq. in., : =— = ——~— = (9:92'in*) The 


eet § 
section modulus of the assumed 6 X 10-in. purlin ore Yébd? = 16(6)(10)? = 


100 in.* which is sufficient. This is as close an agreement between assumed and 
adopted sections as is possible, using commercial sizes. 

22. Design of Purlins for a Roof with a Flexible Roof Covering.—In the 
preceding article the design is given for a purlin section for a roof which is so 
rigid that it is possible to assume that the purlin is supported laterally so that it 
is necessary to provide only for bending in a plane perpendicular to the roof 
surface. A case will now be considered where the roof covering is not rigid 
enough to provide this support. The purlin will have to be designed as if it 
were free to bendinany direction. This isacase of unsymmetrical bending. Two 
cases will be considered, one in which the purlin is free to bend in any direction, 
the other in which the purlin is partially supported by tie rods. 

22a. Purlin Free to Bend in Any Direction.—A purlin is to be 
designed to support a corrugated steel roof. The purlins are to be spaced 3 ft. 
apart, and the roof surface is inclined at an angle of 30 deg. to the horizontal; 
trusses are spaced 16 ft. apart. 

The working loads will be taken the same as for the preceding design, and the 
working stress in the steel will be taken as 16,000 Ib. per sq. in. Some designs 
are now made with a working stress of 18,000 lb. per sq. in. Combinations of 
loading similar to those for the wooden purlin will be made, and a purlin section 
determined by the methods used in the chapter on Unsymmetrical Bending 
in the volume on “Structural Members and Connections.” 
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From Table 3, p. 137, 24-gage corrugated steel, weighing 1.3 lb. per sq. ft., 
can be used to span 3 ft. An anti-condensation lining, weighing 1.3 lb. per sq. 
ft. is to be used in connection with the corrugated steel. The total weight of 
covering is then 2.6 lb. per sq. ft. To this must be added the weight of the purlin. 
In the preliminary design, the purlin was assumed to weigh 4.0 lb. per sq. ft. of 
roof. After the purlin section was determined, its true weight was found and the 
calculations revised as given below. 


Fia. 18. 


Case 1. Dead Load and Snow Load.—aAs given above, the weight of the roof 
covering is 2.6 lb. per sq. ft. of roof. The revised purlin weight is 4.1 lb. per sq. 
ft. of roof. Asin the preceding design, the snow load is 15 lb. per sq. ft. of roof. 
_ The total vertical load is then, 2.6 + 4.1 + 15.0 = 21.7 Ib. per sq. ft. As the 
purlins are 3 ft. apart, the load per ft. of purlin is 3 X 21.7 = 65.1 1b. Consider- 
ing the purlin as a simple beam of span equal to the distance between trusses, 
16 ft., the moment to be carried is, M = }ywil? = 14(65.1) (16)?(12) = 25,100 
in.-lb. For an allowable working stress of 16,000 lb. per sq. in., the required 
section modulus is S = ; = oe = 1.57 in.* This value is shown in the 
proper position in Fig. 18(b), and is the S value denoted by 1. 

Case 2. Dead Load and Wind Load.—The dead load is the same as for Case 1, 
and the wind load is a normal load of 24 lb. per sq. ft. of roof, as in the preceding 
design. In Fig. 18(a), the resultant of the dead and wind loads as determined 
graphically, is 29.9 lb. per sq. ft. The load per ft. of purlin is 3 X 29.9 = 89.7 


Ib.; the moment to be carried is M = 1g wl? = 14(89.7)(16)2(12) = 34,500 in.-lb.; 
; M 
and the required S = ne —_ = 2.16 in. This is shown in Fig. 18(b) in 
the direction determined by the force diagram of Fig. 18(a). 
Case 3. Dead Load, Wind Load, and One-half Snow Load.—The dead load is 


the same as for Case 1, and the wind load is the same as for Case 2, One-half 
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the snow load, as given by Case 1, is 7.5 lb. per sq. ft. of roof. The total vertical 
load is then 14.2 lb. per sq. ft. of roof, and the normal load is 24 Ib. per sq. ft. The 
resultant of the loads, which is 37.1 Ib. per sq. ft., is shown in amount and direc- 
tion on Fig. 18(a). 

The load per foot of purlin is 3 X 37.1 = 111.3 lb.; the moment to be carried 
is M = wl? = 1¢(111.3)(16)%(12) = 42,800 in-lb.; and § = 7 . Fao 
= 2.67 in.* This is shown in position in Fig. 18(8). 

Determination of Beam Section.—A purlin will be selected from I-beam and 
channel sections with the intention of keeping the weight as low as possible. It 
is usually specified that the depth of beam section shall be not less than 14 of 
thespan. This is done to avoid the use of sections for which the deflection would 
be excessive. 

In Fig. 18(5), the S-polygon for a 6-in. 12.5-lb. I-beam is shown. This sec- 
tion is slightly larger than necessary, but it provides a closer fit than any other 


section of its weight. The true weight of the section is i = 4.1 lb., the 


value used in the revised calculations. 

Figure 18() also shows the S-polygon for an 8-in. 11.5-lb. channel. This 
section does not provide sufficient strength, since S; projects beyond the S-line. 
As other channels are heavier than the adopted I-beam, there is nothing to be 
gained by further trials. 

22). Purlin Supported Laterally by Tie Rods.—Lateral support 
for purlins is generally provided by means of tie rods where the roof covering, 
such as corrugated steel, is not rigid enough to provide the proper support. 
These tie rods consist of round rods fastened to the web of the purlin section in 
the manner shown in Fig. 21. The ties should extend over the ridge, forming a 
continuous line between the eaves. This must be done to avoid an excessive 
side pull on the ridge purlin. If the arrangement of purlins at the ridge is such 
that a continuous line can not be used, then the upper ties should be run diagon- 
ally to the truss. 

The number of ties required for each purlin will depend upon the length of 
purlin to be supported and the load to be carried. Generally a single line of ties 
at the center of the purlin will be found sufficient. Tie rods will not be found 
necessary for lateral support in the case of roofs where the slope is less than 
3 in. to 1 ft. It is considered good practice to use tie rods in roofs with a rigid 
covering because of the lateral support provided for the purlins during the erec- 
tion of the structure. The purlins are held in line without additional falsework 
until the roof covering is applied. 

When a purlin is supported laterally by tie rods, the span of the beam, for 
components of load parallel to the roof surface, is equal to the distance between 
the tie rods, or between the tie rods and the truss. As far as these loads are con- 
cerned, the purlin is a continuous beam supported at its ends by the trusses and 
at intermediate points by the tie rods. For components of load perpendicular to 
the roof surface, the span of the purlin is equal to the distance between the trusses, 
as in the preceding design. 

The applied loads are uniform per foot for both components of loading. They 
are determined by resolving the resultant forces, determined as for the preceding 
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design, into components parallel and perpendicular to the roof surface. Moments 
at critical points can be determined by the methods for simple and continuous 
beams. 

In calculating the moments to be carried by a purlin, it will probably be best 
to assume that the purlins are only long enough to span the distance between 
adjacent trusses. The moment due to the component of loads perpendicular to 
the roof surface will then be given by the formula M = wil. It will be found 


M=#wt? M=gut; 6g 
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that if a purlin be assumed to span several trusses, and the moments calculated 
by continuous girder methods, the moment to be provided for will be only slightly 
less than for a simple beam. 

For components of load parallel to the roof surface, the purlin can be consid- 
ered as a continuous beam supported at its ends by the trusses, and at other 
points by the tie rods. The supports provided by the tie rods are not as rigid as 
those provided by the truss, so that the continuous girder coefficients should be 
modified somewhat. Figure 19(a) shows the values proposed for cases in which 
the purlin is assumed as divided into two parts by the tie rod, and Fig. 19(b) shows 
the values where the tie rods divide the purlin into three parts. It isassumed that 
the coefficient is }49 instead of 1¢, and that the span is equal to the distance from 
truss to tie rod. 

In making use of the S-polygon methods in the design of purlins for the 
assumed conditions, it will be necessary to determine the resultant moment at the 
tie rod and also at a point half way between the tie rod and the truss. These 
resultant moments are equal to the vector sum of the component moments 
parallel and perpendicular to the roof surface. The values of the flexural 
modulus, S, are determined from these resultant moments, and the required and 
provided S compared by the methods used in the preceding design. 
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A purlin will now be designed supported by tie rods. The conditions will be taken the 
same as for the preceding design, with the further condition that the purlin is to be sup- 
ported by a line of tie rods placed at the center of the purlin. 

As the depth of the purlin is usually limited to 449 of the span, a 6-in. section must be 
used. The 6-in. section of least weight is a 6-in. 8.2-lb. channel, which will be taken as the 


3 R * F ye 
trial section. The weight of the assumed section per square foot of roof surface is a2 = 
2.7 lb. Using other values as in the preceding design, the several combinations are as 
follows: 


Case 1. Dead Load and Snow Load.—As before, the dead load due to corrugated steel 
and lining is 2.6 lb. per sq. ft. of roof, and the snow load is 15.0 lb. per sq. ft. The weight of 


S-Polygon 
617. €.2 1b. 


Resultant 
moments at 


(d) 
Fia. 20. 


the assumed purlin section as given above is 2.7 lb. per sq. ft. of roof. The total vertical 
load is then 20.3 lb. per sq. ft. of roof. From the force diagram of Fig. 20 (a) the component 
of this load parallel to the roof surface is 10.2 lb. per sq. ft., and the component perpen- 
dicular to the roof is 17.6 lb. per sq. ft. 

Using the coefficients shown on Fig. 19 (a), the component of moment parallel to the roof 
is + 4qul* = 449 (+10.2)(3) (12) (16)? = +2,350 in.-lb. at the quarter point, and —2,350 
in.-lb. at the tie rod. The component of moment perpendicular to the roof is +3 wl? = 
+345 (17.6) (3)(12) (16)? = +15,200 in.-lb. at the quarter point, and + }gwl? = +36 (17.6) 
(3) (12) (16)? = +20,300 in.-lb. at the tie rod. 

The resultants of these moments, which are determined graphically by means of the 
force diagrams of Figs. 20(c) and (d), are 15,350 in.-lb. at the quarter point, and 20,450 
in.-lb. at the tie rod. It is to be noted that at the tie rod the component moment parallel 
to the roof surface is negative. In determining the resultant moment Fig. 20(d), this 
component is plotted to the left of the origin. The component of moment perpendicular 
to the roof surface is positive, and is plotted above the OX axis, as in the preceding cases. 

With allowable f = 16,000 Ib. per sq. in, S.= x = ae = 0.96 in.? at the 


quarter point, and on = 1.28 in.* at the tie rod. These values of S are shown in 


position on the S-polygon of Fig. 20 (e). The values of S for the section at the tie rod are 
plotted below the OX axis, for, as shown by the complete S-polygon, the values of S for 
the given plane of bending are determined by the fourth quadrant S-line. 

Case 2. Dead Load and Wind Load.—The dead load due to the roof covering and the 
purlin is a vertical load of 5.3 lb. per sq. ft., as determined for Case 1, and the wind load is a 
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normal load of 24 lb. per sq. ft., as determined for Case 2 of the preceding design. From 
the force diagram of Fig. 20 (b), the component perpendicular to the roof is 28.6 lb. per sq. 
ft., and that parallel to the roof is 2.7 lb. per sq. ft. By the methods of Case 1, it will be 
found that at the quarter point the component of moment perpendicular to the roof is 
+24,700 in.-lb., and that parallel to the roof is +625 in.-lb.; the resultant m4 00 
determined graphically by Fig. 20 (c), is 24,800 in.-lb,; and the required S = 16,000 
= 1.55 in.?, 

At the center point, the moment perpendicular to the roof is 32,900 in.-lb., and that 
parallel to the roof is —625 in.-lb.; the resultant moment, as determined by Fig. 20 (d), is 


33,000 
33,000 in.-lb.; and the required S = 


16,000 

Fig. 20 (e). 

Case 3. Dead Load, Wind Load, and One-half Snow Load.—With the half snow load as 
7.5 lb. per sq. ft., the total vertical load is 12.8 lb. per sq. ft. As in the preceding cases, 
the normal wind load is 24.0 lb. per sq. ft. From Fig. 20 (6), the component perpendicular 
to the roof is 35.1 lb. per sq. ft., and that parallel to the roof is 6.4 Ib. per sq. ft. At the 
quarter point, the moment perpendicular to the roof is 30,300 in.-lb., and that parallel to 
the roof is +1,480 in.-lb. At the tie rod the corresponding values are: moment per- 
pendicular to the roof = 40,500 in.-lb.; moment parallel to the roof = —1,480 in.-lb. 
From Fig. 20 (c), the resultant moment at the quarter point is 30,350 in.-lb.; the required 


= 2.06 in.*. These values are shown on 


Ss = oe = 1.90 in.*. From Fig. 20 (d), the resultant moment at the tie rod = 40,600 
: ; 40,600 _ 
in.-lb.; the required S = 16,000 ~ 2.54 in. 


Determination of Purlin Section—Figure 20 (e) shows the S-polygon of the assumed 
6-in. channel section. It will be found that all of the plotted values of S lie inside of the 
polygon. The assumed section is therefore ample, and will be adopted. 

The results of this design show that the use of tie rods makes it possible to use smaller 
sections for purlins than for the conditions assumed in the preceding design, where the 
purlins were assumed to be free to bend in any direction. Where the purlin was assumed to 

‘be free to bend in any direction, a 6-in. 12.5-lb. I-beam was required. Where tie rods were 
used, a 6-in. 8.2-lb. channel was found to answer. This represents a saving of 4.3 lb. per ft. 
of purlin. 

From an inspection of the S-polygon of Fig. 20 (e), it can be seen that the values of 
required § lie close to the OY axis. For all cases, except where the roof slope is very steep, 
it will probably be correct to assume that the tie rods offer complete lateral support for the 
purlin. The design can then be carried out by the methods used in the design of the purlins 
for rigid roof covering, as given in the first part of this article. 

Design of Tie Rods—Tie rods usually consist of round rods threaded at the ends to 
provide a means of fastening the tie to the purlin section. Figure 21 (a) shows the type of 
connection generally used. 

As the tie rods form a continuous line from the eaves to the ridge, the stress in the rods 
increases to a maximum at the ridge. The area of the tie rod at the root of thread must be 
sufficient to carry a load caused by the component of loads parallel to the roof acting over 
the area tributary to the tie rod of maximum stress. 

To illustrate the methods of design, assume that the slant height of the roof considered 
in the preceding design is 36 ft. As the trusses are 16 ft. apart, and there is a single line of 
tie rods at the center of the purlin, the area tributary to the tie rod of maximum stress is 
36 X 8 = 288 sq.ft. From the force diagrams of Fig. 20, it will be found that the greatest 
component of load parallel to the roof is caused by the loading of Case 1, and that this 
component is 10.2 lb. per sq. ft. of roof. The load to be carried by the tie rod is then 288 x 
10.2 = 2,940 1b. With an allowable working stress of 16,000 lb. per sq: in., the area at the 
root of thread is 7 “G0 = 0.184 sq. in. From table of screw threads given in the steel hand- 
books, it will be found that a 5g-in. round rod will answer. If the load to be carried is 
too large for a single line of 5¢ to 34-in. tie rods, the load can be reduced by adding another 
line of ties. 

The method of attachment of tie rods at the ridge requires some consideration, Two 
methods of making the ridge connection are shown in Fig. 21, In Fig. 21 (a), two purlins 
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are provided at the ridge. The line of tie rods on either side of the ridge is joined by means 
of a short connecting tie. Figure 21 (b) shows the force diagram for the determination of 
the stresses in the rods and the load to be carried by the purlin due to the tie rods. It is 
probable that a larger section will have to be provided at the ridge in order to carry the 


Connecting tie 


Ly purlin 


(@) 


Fie. 21. 


heavy concentration brought to this point by the tie rod. Figure 21 (c) shows an arrange- 
ment in which a single I-beam forms the ridge support. The diagram of forces is shown 
in Fig. 21(d). 


DETAILED DESIGN OF A WOODEN ROOF TRUSS 


23. Conditions Assumed for the Design.—To illustrate the principles govern- 
ing the design of a wooden roof truss, a complete design will be made of a truss 
of the type shown in Fig. 4 (p), p. 132. It will be assumed that the truss is sup- 
ported on masonry walls which are 50 ft. apart, and that the trusses are spaced 
16 ft. apart. The roof covering will be shingles on sheathing carried by rafters 
spaced 16 in. on centers. Purlins placed at the top chord panel points carry the 
roof loads to the truss. Figure 22 shows the general arrangement of the roof 
and the trusses. 

The pitch of the roof will be taken 14, for, as stated in Art. 3, this is in general 
the most economical pitch. To secure members of reasonable length, the span 
will be divided into six panels, as shown in Fig. 23. All members will be made of 
wood, except the verticals, which will be steel rods. Western Hemlock will be 
used for all wooden truss members, and also for the purlins, rafters, and sheathing. 

The loads to be carried by the truss will be taken in accordance with the prin- 
ciples stated in the chapter on Roof Trusses—General Design. Snow loads will 
be taken as 20 lb. per sq. ft. of roof surface, and the unit wind pressure will be 
taken as 30 lb. per sq. ft. of vertical surface. The unit wind pressure is to be 
reduced by the Duchemin formula in determining the components normal to the 
roof surface. Minimum snow load will be taken as one-half of the maximum, 
or 10 Ib. per sq. ft. of roof, and the minimum wind load will be taken as one-third 
of the maximum. 
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The actual weight of the roof covering, rafters, and purlins is to be determined, 
assuming that Western hemlock weighs 3 lb. per foot board measure. In estim- 
ating the weight of the truss, the formula w = 0.041 + 0.000167/? will be 
used, where w = weight of trusses per sq. ft. of covered area, and 1 = span length 
in feet. 


Fia. 22.—Detailed design of a wooden roof truss. 


Combinations of loadings for maximum fiber stresses in rafters and purlins, 
and for maximum stresses in truss members will be as follows: 


(a) Dead load and snow load. 

(b) Dead load, minimum snow load, and maximum wind load. 

(c) Dead load, maximum snow load, and minimum wind load. 

(d) A minimum load of 40 lb. per sq. ft. of horizontal covered area. The 
object of this last loading condition is to make certain that a fairly 
rigid and substantial structure is obtained. 


Working stresses for Western hemlock will be taken as recommended by the 
American Railway Engineering Association. 


Revels 94" ea For timber used in building construction, the 
q working stresses are as follows: Extreme fiber 

Fat ¥ stress in tension or cross bending, 1,650 lb. per 
- 50 ft sq. in.; shearing parallel to the grain, 240 lb. 

Fre. 23. per sq. in.; shearing transverse to the grain, 


150 Ib. per sq. in.; compression—bearing 
parallel to the fibers, 1,800 lb. per sq. in.; bearing perpendicular to the fibers, 330 
Ib. per sq. in.; columns under 15 diameters, 1,350 lb. per sq. in.; columns over 15 


: : l : 
diameters in length, 1,800 (1 = aa) Ib. per sq. in., where 1 = length of column 


—— 


Sec. 2-23] ROOF TRUSSES 163 


in inches and d = least side or diameter. Bearing pressures for washers which 
cover only a part of the area of the member can be increased 25 per cent that is, 
to 412.5 lb. per sq. in. for bearing perpendicular to the fibers, and 2,250 lb. per 
sq. in. for bearing parallel to the fibers. This increase in fiber stresses is allow- 
able, for experiments have shown that the bearing pressures are indirectly dis- 
tributed to the area immediately surrounding the washer, thus increasing its 
effective area. The allowable bearing pressure on masonry will be taken as 300 
Ib. per sq. in. 

Where the compression acts at an angle to the member, the working stress is 
given by the empirical formula 


r=a+(7—9) (%)° 


where r = allowable stress at an angle 6 to the axis of the member, as shown in 
Fig. 24; and p = bearing on end fibers = 1,800 lb. per sq. in.; and g = bearing 
across the fibers = 330 lb. per sq. in. For these values the above formula 


becomes: r = 330 + (1,800 — 330) (sa) or, 
r = 330 + 0.1815 6? 


Where pins or bolts bear on the end fibers of the material, as in the design of the 
built-up bottom chord member given in Art. 26, the allowable bearing values must 
be modified to fit the conditions shown in Fig. 24. The allowable bearing will 
be taken as two-thirds of the usual end bearing value, or as 1,200 lb. per sq. in. 
This working stress is considered as applied to the diametrical area of the pin or 
bolt. 

In accordance with the discussion given in the chapter on Roof Trusses— 
General Design, the working stresses for wind will be increased 50 per cent over 
the values given above. This increase in working stresses can be accounted for 
by reducing the unit wind pressure so that the same working 
stresses can be used for all loadings. Since the working 
stresses for wind are 34 of those for other loadings, if 24 of 
the unit wind pressures be used, the same working stresses can 
be used for all loadings. The unit wind pressure on a vertical 
surface will then be taken as 24 X 30 = 20 lb. per sq. ft. 
From the Duchemin formula, the normal pressure on a 14 
pitch roof is 14.9 lb. per sq. ft. of roof surface. 

In choosing the sections of timber with which to form the members of the 
truss, it must be remembered that the actual size of a piece of timber should be 
used in the calculations. The dimensions usually given for timbers are the dis- 
tances from center to center of saw cuts. These dimensions are known as the 
nominal dimensions of the piece; they are usually given in even inches, as for 
example, 2 X 4 in., 6 X 8in., etc. Actually the timber is smaller than its nom- 
inal dimensions by the width of the saw cut, which is about }4-in. thick. Thus a 
rough-sawed piece, whose nominal dimensions are 4 6 in., is really only a 334 X 
534-in. section. If this section is dressed, or planed on all sides, the section is 
about 14-in. scant all around from the nominal dimensions, or actually a 314 X 
514-in. section is obtained instead of the 4 X 6-in. nominal section. The section 
obtained thus has an actual area of only about 80 per cent, and a section modulus 


Fia. 24. 
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of only 79 per cent of the corresponding values for the nominal section. These 
percentages vary with the size of the timber. 

The difference between the actual and the nominal sizes of timber is taken into 
account in the calculations by two different methods. In one method the unit 
stress is reduced by an amount depending upon the reduction in area or section 
modulus. This method, to be effective, requires the use of a sliding scale of cor- 
rections, which makes it rather undesirable. In another, and better method, the 
actual sizes are used and the working stresses taken as given above. This latter 
method will be used in the work to follow. It will be assumed that all material 
is dressed on four sides, and that the actual dimensions are about 14 in. scant of 
the nominal dimensions. In speaking of sections, however, the nominal dimen- 
sions will be used. 

The working stress for steel tension rods will be taken as 16,000 lb. per sq. in. 
on the net section of the rod at the root of thread. In general, round rods will 
be used. They will be upset at the ends if the diameter required is greater than 
34 in. Bending stresses in steel bolts will be taken as 24,000 lb. per sq. in. 

24. Design of Sheathing, Rafters, and Purlins.—In the chapter on the Design 
of Purlins for Sloping Roofs, there is given a complete design of the sheathing, 
rafters, and purlins for conditions practically the same as assumed in the preceding 
article. Therefore, only the essential features of the design under consideration 
will be given. Wherever possible, reference will be made to the design mentioned 
above, and also to the design of the steel roof truss in the following chapter, for 
which similar conditions exist. 

From Fig. 22 it can be seen that the span of the sheathing is 16 in., the dis- 
tance center to center of rafters. As the loads are the same as for the above men- 
tioned designs, it can readily be seen that 1-in. sheathing is satisfactory. The 
rafters are to be designed for the combinations of loading stated in Art. 23. As 
the roofing is quite rigid, it can be assumed that the load to be carried by the 
rafters is the component of loads perpendicular to the roof surface. It will be 
found that the loading of case (b) of Art. 23 gives the required maximum. The 
conditions are as shown in Fig. 25. (See also the design 
given in Art. 32.) 

From the data given and the assumptions made in 
Art. 23, the minimum snow load is a vertical load of 10 
lb. per sq. ft. of roof and the normal wind load is 14.9 lb. 
per sq. ft. of roof. Assuming that shingles weigh 3 lb. 
per sq. ft. of roof, and that l-in. sheathing weighs 4 lb. 
per ft. board measure, it will be found from the force 
diagram of Fig. 25 that the total normal component is 
30.1 lb. per sq. ft. of roof area. 

From Fig. 22, the area carried by a rafter is (1642) 9.83 = 12.4 sq. ft., and 
the uniformly distributed load is 30.1 X 12.4 = 373 Ib. If a 2 X 4in. rafter 
be assumed, whose weight at 3 lb. per ft. board measure is 3 X 9.3 So = 
18.7 Ib., the total uniformly distributed load is 373 + 19 = 392 1b. Assuming 
that the rafters are continuous over several purlins, the moment to be carried 
can be calculated from the formula M = 9 WI = Mo X 392 X 9.33 XK 12 = 
4,390 in.-lb. For the working stress of 1,650 Ib. per sq. in., given in Art. 23, the 


. 4,390 , ‘ 
required section modulus is 7.650 ~ 2:66 in.® Assuming the dimensions of a 
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dressed 2 X 4 to be 15¢ X 35¢ in., the section modulus furnished is ” = 3.56 


in.* The assumed section will be adopted, as it is the smallest advisable section. 
As shown in Fig. 26, each purlin supports 12 rafter loads. From the ecal- 
culations given above, each rafter load is 392 lb. Figure 26 shows the loads in 
position. The maximum moment occurs under the load next to the beam 
center. As the purlins usually span only the distance between trusses, simple 
beam conditions will be assumed, and M = [2,352 
X 5.5 — 39211 + 2+ 3+4 4 + 5)](16) = 112,800 [2 loads of 392 /b each 
in.-lb. Assume a 6 X 10-in. purlin section. The (" 
weight of the assumed purlin is 6 X 10 X 3{, = 15 
lb. per ft., and the moment due to its weight is M = 
lgwl? = 14 X 15 X 16? X 12 = 5,760 in-lb. Total 
moment = 112,800 + 5,760 = 118,560 in.-lb. 
118,560 : 
“1,650 — fleet nL i Wo 
Section modulus furnished by a 6 X 10-in. purlin, dressed to 534 X 914 in, 
is 82.8in.* Although the assumed section is slightly over size, it will be adopted. 
25. Determination of Stresses in Members.—The general methods of stress 
calculation are given in the volume on “Structural Members and Connections.” 
Stresses can be determined by means of the graphical methods given in the above 
mentioned section, or by means of the tables of stress coefficients given in the 
chapter on Roof Trusses—Stress Data in the volume on “Stresses in Framed 
Structures.’’ The latter method has been used in the design under consideration. 
As the general methods of procedure are given in detail in Art. 34, only the essen- 
tial features are repeated here. The reader is referred to the discussion given in 
the following chapter, as it applies also to the design under consideration. 


Required section modulus = 


In Art. 23, the formula for the dead weight of the trusses is given as w = 0.041 + 
0.0001671?, where! = span = 50 ft., and w = weight of trusses in lb. per sq. ft. of horizontal 
covered area. Then w = 0.04 50 + 0.000167 x 507 = 2.42 lb. From Fig. 22, the 
horizontal covered area per panel is 50 X 18 = 133sq.ft. The dead panel load due to the 
weight of the truss is then 2.42 XK 133 = 323 lb. The dead load due to shingles is 3 lb. 
per sq. ft. of roof, and that due to sheathing is 4 lb., giving a total load of 7 lb. per sq. 
ft. of roof. From Fig. 22, the roof area per panel is 9.33 XK 16 = 149 sq. ft. The dead 
panel load due to sheathing and shingles is then 149 X 7 = 1,043 lb. From Fig. 26, the 
weight of 12 rafters and one purlin is brought to each panel point. Each rafter weighs 
18.7 lb., and the purlin weighs 15 lb. per ft., as givenin Art. 24. The resulting panel load is 
12 X¥ 18.7 +16 X15 = 224 + 240 = 464 lb. The total dead panel load is then 323 + 
1,043 + 464 = 1,830 lb. 

As given in Art. 23, the snow load is 20 lb. per sq. ft. of roof, ona the wind load is 14.9 lb. 
per sq. ft. of roof. Since the roof area per panel is 149 sq. ft., the snow panel is a vertical 
load of 149 & 20 = 2,980 lb., and the wind panel load is 14.9 K 149 = 2,220 lb., a load 
which acts normal to the roof surface. In Art. 23, a minimum load of 40 lb. per sq. ft. of 
horizontal covered area is also specified. The panel load for this loading is 40 K 133 = 
5,320 lb., a vertical load. 


The stresses due to the above panel loads are given in Table 10. Dead load 
stresses are given in col. 1; snow load stresses are given in col. 2; minimum, or half 
snow load stresses, are given in col. 3; wind stresses for wind from the left are 
given in col. 4, and for wind from the right, the stresses are given in col. 5; mini- 
mum, or one-third wind stresses, are given in col. 6. The wind stresses are cal- 
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culated on the assumption that both ends of the truss are rigidly fastened to the 
masonry walls, and that the reactions are parallel to the direction of the wind— 
that is, normal to the roof surface. The assumption of fixed ends is reasonable, 
for a wooden truss is not affected by temperature changes, and no provision for 
expansion need be made, as in the case of the steel truss. 


TasLE 10.—Srresses IN MEMBERS 


d 
c 
b 
a 
e g 
| 

.L., 44|D. L., : 

at Wind | Wind | One- ee 72 ee Maxi- 

Mem- Dead Snow 3 from from | third ce es Vertical| mum 

ber | load | load | VY | left | right | wind | * | loading | stress 

load wind | snow 
1 2 3 4 5 6 7 | 8 9 10 
ab — 10,250} —16,650| —8,325 —6,950 —4,160 — 2,320) —25, 525) — 29,220 — 29, 800; — 29, 800 
be — 8,200] —13,320| —6,660| —5,270 —4,160| —1,760 — 20,130 — 23,280) — 23,800) — 23,800 
cd — 6,150! —10,000) — 5,000) —3,610 —4,160}—1,390 — 15,310) —17,540) —17,820 —17,820 
ae-ef |+ 9,180)+14, 900} +7, 450) +7, 770) +2,800) +2,590 +24,400 +26, 670 + 26, 600| +26 ,670 
to + 7,340|/+11,920|/+5,960) +5, 280 +2,800)+1,760 +18, 580) +21,020 +21,300)+21,300 
bf — 2,060|— 3,340) —1,670 —2,780| 0 — 930)'— 6,510)/— 6,430|— 5,960)/— 6,510 
cg — 2,590|}— 4,200) —2,100) —3, 520} 0 —1,170)— 8,210)— 7,960) — 7,510) — 8,210 
cf + 916/+ 1,490/+ 745)/+1,230 0 + 410+ 2,990) + 2,816)/+ 2, 660) + 2,990 
dg + 3,670/+ 5,960/+2,980)+2,480/+2,480|+ 825 + 9,130 +10,445|+10,640)+10,640 
be 0 0 0 0 | 0 oF) er 0 0 


-+ = tension. 


compression, 


The maximum stresses, as given by the combinations of cases (b), (c), and (d) 
of Art. 23, are given in cols. 7, 8, and 9 respectively. Stresses for col. 9 are cal- 
culated from the dead load by ratio of the panel loads for a minimum load of 40 
lb. per sq. ft. of covered area, which is 5,320 lb., and the dead panel load, which is 
1,830 lb. Col. 10 gives the greatest of these maximum values, which is the stress 
for which the members are to be designed. 

26. Design of Members.—As stated in Art. 28, the top and bottom chord 
members and the diagonal web members will be made of timber, and the vertical 
members will be made of steel rods. The working stresses for the wooden com- 
pression members whose length exceeds 15 times the least width is given in Art. 


23 as 1,800 (1 - sua) where / = length in inches, and d = least dimension 


in inches. Compression members whose length is less than 15 times the least 
width are to be designed for a working stress of 1,350 lb. per sq. in. The working 
stress for wooden tension members is given as 1,650 lb. per sq. in. For steel 
members the working stress is 16,000 lb. per sq. in. All data for the design are 
given in Table 11. 

Sections for wooden compression members should be square, if possible, in 
order to secure a member of equal rigidity in planes perpendicular to the sides of 
the members. Single pieces are preferable to members built up of planks placed 
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side by side and nailed or bolted together to form a single member. The excessive 
cost of, or difficulty in obtaining single pieces, may decide in favor of the built-up 
member. 

Wooden tension members must contain considerable excess area in order to 
provide for notching at the joints. Single pieces are preferable for use as tension 
members. If planks are used, placed side by side to form a built-up member, 
considerable care must be taken in order to make certain that the proper net area 
is provided at all points. Further discussion of this detail will be given in con- 
nection with the design of the lower chord member. 

Design of Top Chord Member.—The design of the top chord member will be 
determined for the conditions existing in member a-b, where the stress is a 
maximum. From Table 10 the stress in member a-b is 29,800 lb. compression. 
Assume a 6 X 6-in. member, of which the actual size will be taken as 5144 X 


i12 
5.5 
Therefore the working stress is to be determined by the formula 1,800 (1 — 


i : . 112 
==) For the assumed section the working stress is 1,800 ¢ — 3x ES 


514 in. Since the length of member a-b is 112 in., the ratio 2 = 


= 1,800(1 — 0.34) = 1,190 lb. per sq. in.; and the required area is a 190 


= 25.0 sq. in. The area provided by the assumed section is 5.5 X 5.5 = 
30.25 sq. in. The assumed section is ample and it will be adopted. 

In trusses of the size under consideration, it is usual to make the entire top 
chord of the same cross-section. For larger trusses, the section of the upper end 
of the top chord is sometimes reduced in size. A butt splice is made at one of the 
panel points. This splice can be designed by the methods given in the section on 
Splices and Connections—Wooden Members, in the volume on “Structural Mem- 
bers and Connections.” 

If the top chord member is to be made of planks, a 2 X 6-in. piece, actual 
dimensions about 15g  5}4 in., would probably be used in the case under consid- 
eration. To provide the proper area, three pieces will be required. For this 


section, d = 3 X 15 = 4% in.; Fh = 23; and the allowable working stress is 


1,120 lb. per sq. in. The area required is then TD = 26.6 sq; i), “aiid 
that provided is 3 X 15¢ X 5.5 = 26.8 sq. in. The section is ample. To hold 


the several pieces together, bolts about }4 in. in diameter should be placed 
through the pieces at intervals such that the value of ; for a single piece will be 
not greater than the value for the whole member. From the calculation given 
above, 4 for the whole member is 23. Since d for a single plank is 15¢ in., the 


distance between bolts must be about (23)(15g) = 37.4 in. Bolts spaced 3 ft. 
apart will probably be satisfactory. 

Design of Compression Web Members.—The compression diagonals b-f and c-g 
are designed by methods similar to those used for the top chord member. It was 
found that 4  4-in. members, actual size assumed as 35g X 35¢ in., are sufficient 
as far as stress conditions are concerned. It sometimes happens that the size 
of member as designed must be increased to provide sufficient bearing area for 
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joint details. The actual sizes as designed are given in Table 11. If changes are 
required, they will be made in Art. 27 on the design of joints. 

Design of Bottom Chord Tension Member —From Table 10, the maximum stress 
in the bottom chord occurs in members a-e-f, where the stress is 26,670 Ib. tension. 
The net area required for the allowable working stress of 1,650 lb. per sq. in. is 
26,670 

1,650 
for notching at the joints, etc., the adopted section must provide an area about 2% 
greater than the required net area, or in this case, the adopted section should pro- 
vide at least 16.2 X 124 = 27 sq. in. A 6 X 6-in. member, actual size 544 X 

i 514 in., provides 30.25 sq.in. This sec- 
tion will be adopted, subject to the condi- 
tion that it must provide the required 
net area at the joints, a point which will 
FS Foae toa Te be definitely determined in the following 
: nae article. 

The lower chord member for the 
truss under consideration will now be 
designed asa built-up section. It will be 
assumed that 2 X 8-in. plank, actual size 
15g X 714 in., are to be used. Since the 

Fie. 27. rods composing the vertical members 

pass through the chord section, an odd 

number of pieces will be provided, and the center piece, which will contain the 

rods, will not be assumed to carry any of the chord stress. Assume a section 
consisting of five pieces, placed as shown in Fig. 27. 

The splices in the member will be located as shown in Fig. 27; they will be 
placed about a foot from the panel points. For the arrangement shown, the 
planks can be ordered in lengths not to exceed 20 ft. It will be noted that in each 
panel, only two pieces are available at the splices to carry the total tension. 
26,670 _ 16.2 

1,650 ; 
sq. in., or 8.10 sq. in. for each plank. Assuming the splices to be made with 
1-in. bolts, of which there are two on the same vertical section, as shown in Fig. 
(c), the net area of a 2 X 8-in. plank is 15g (7.5 — 2 X 1) = 8.95 sq. in. The 
assumed section is probably sufficient, as all notching for the joint at f can readily 
be made on the three inside members. 

In determining the number, size, and position of the bolts connecting the sev- 
eral planks forming the bottom chord member, due attention must be paid to the 
transmission of stress across the spliced sections. Thus in Fig. 27(a), the total 
stress in member a-e on the section 2-2, close to joint a, is carried by four planks, 
assuming that the center plank is inactive, as stated above. Therefore, on section 


26,070 _ 6,670 Ib. At the splice just to the left 


of joint e, all of the load is carried by the planks numbered 2 in Fig. (a). Therefore 
between the sections x-« and joint e, the stresses of 6,670 Ib. in planks 1 have been 
transferred to planks 2, which are fully stressed at the splice, as calculated above. 

The stress in planks 1 will be transferred to planks 2 by means of 1-in. bolts, 
as assumed above. The number of bolts required will be determined by the safe 


= 16.2 sq. in. In general, it will be found that in order to provide 


The net area of these pieces for the member a-e-f must then be 


x-x each plank has a stress of 
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bearing on the end fibers of the wood, and by the safe bending stresses in the bolts. 
At 1,200 lb. per sq. in., the safe bearing for a 15-in. plank on a 1-in. bolt is 1,200 
X 1.625 X 1 = 1,950 lb. The number required for bearing is then one = 
3.42, or four bolts. Assuming the loading conditions on the bolts to be as shown 
in Fig. (6), the total moment to be carried by the bolts is 6,670 X 1.625 = 10,820 
in.-lb. From the tables of safe bending moments on bolts for a fiber stress of 
24,000 lb. per sq. in., the allowable bending moment on a 1-in. bolt is 2,360 in.-lb. 
10,820 : ; 

Therefore, 2360 ~ 4.6, or five bolts are required for bending moment. 
These bolts are shown in position in Fig. 27(c). 

The distance from the centers of the bolts to the edge of the splice is deter- 
mined by the required strength in shearing on the dotted lines shown in Fig. (c). 


Since five bolts are to be used, theload on each bolt is oe = 1,3351lb. From 


Art. 23, the shearing value of hemlock parallel to the grain is 240 lb. per sq. in. 
The required distance from the center of the bolt to the edge of the plank is then 
1,335 
2 X 1.625 X 240 

venient, and will be adopted. 

At the right of the splice at joint e, an arrangement of bolts similar to that 
described above must also be used, for the stress in planks 2 must be transferred 
to planks 1 because of the splice in planks 2 at joint f. As the calculations are 
similar to those given above, they will not be repeated. 

In the panel f-g, similar calculations must also be made. As the stresses are 
smaller than those in the end panels, four bolts will be found sufficient. At 
points between the splices, the planks are to be held together by \%-in. bolts 
placed about 2-ft. centers. 

Design of Vertical Tension Rods.—The vertical tension members will be made 
of round rods threaded at the ends and provided with square nuts. As shown in 
Table 11, the plain 34-in. diameter round rod provides some excess area for mem- 
ber c-f. Since this is about the smallest advisable size of rod for such members, 
it will be used. It is to be remembered that the area of the rod at the root of 
thread governs the design. 

Although member b-e has no definite stress, a 34-in. rod will be used. 

For member d-g an area of 0.665 sq. in. at root of thread is required. A plain 
rod 11¢ in. in diameter will furnish the required area. It will probably be better 
practice to use a rod of smaller diameter with an upset end. From the tables of 
upset ends for round rods, it will be found that a 1-in. rod with a 1%g-in. upset 
end is required. 

27. Design of Joints.—A great variety of joint details are in use for wooden 
roof trusses. The general principles governing the design of joints have been 
given in the chapter on Roof Trusses—General Design, where typical joint details 
are shown. In the present article, the design methods will be given for some of 
the details in common use, particular attention being paid to details suitable for 
the type of truss under consideration. 

The general principles of joint design given in the chapter on the Detailed 
Design of a Steel Roof Truss apply also to a wooden roof truss. Center lines of 


= 1.72 in. The arrangement shown in Fig. 27(c) is con- 
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members must be made to intersect in a common point. If this cannot be done, | 
the additional stresses in the members due to the eccentric connections must be 
calculated and proper provision made for them. 


TasBLe 11.—DexrsiagN or MEMBERS 


Length Work-| Area Area 
A Max. of Least ing re- : pro- 
stress | mem- | width| L/D) stress | quired Section vided 
Pe) sab). |! ber” | Gn.) (b./ | (a. (eq. 
(in. ) in.?) in.) in.) 
ab |—29,800| 112 | 534 | 20.4| 1,190] 25.0 |6 X6in. 30.25 
be —23,800} ... Sere lil chk 2a eA ee eee 6 X 6 in. 
cd |—17,820) ... MES er RAGA NR: ge ene eee 6 X 6 in. 
ae-ef |+26,670 1; 650) 16.2 -.|6 X Gam. 30.25 
fg \+21,300) ... bedives) 3960-8 e eee 30.25 
bf — 6,510) 112 35g | 31.0 875| 7.45 |4 < 4in. 13.15 
cg — 8,210) 141 354 | 35.3 630} 138.0 |4 X 4 in. 13.15 
Ch Weiz225990), ae ... | ...-| 16,000} 0.187) 34-in. round rod 0.302 
dg |+10,640) ... ... | ..--| 16,000} 0.665) I-in. round rod up- 
set to 13¢ in. 1.05 
be 0 ¥e a eee aici ee 0 34-in. round rod 0.302 
+ =,tension. — = compression. 


In designing the joint details, the stresses transmitted from one member to 
another must be carefully determined and the bearing areas between the members 
proportioned to provide for the stresses to be carried. In general, simple details 
are desirable, and the joints should be made up with as few parts as possible. 
Indirect connections, and those in which the distribution of the stress to several 
parts is indeterminate, should be avoided. Where the stresses are small, one 
member can be notched into another to form the joint details. Where very 
large stresses are to be transmitted from one member to another, metal bearing 
plates or castings, side plates, or bolted connections are required. The general 
principles for the design of splices and similar connections are given in the section 
on Splices and Connections—Wooden Members, in the volume on “Structural 
Members and Connections.” 

Design of Joint b.—As the stress to be transmitted from member b-f to the 
top chord member is comparatively small, a notch detail of the form shown in 
Fig. 28 will be used. In order to make certain that the resultant pressures on 
the faces 1-2 and 2-3 intersect on the center line of the member at point 4, the 
notch will be made with faces at 90 deg., as shown in Fig. 28. In this way a cen* 
tral connection is made and eccentric moments are eliminated. 
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Assume a notch 144 in. deep on face 1-2. The dimensions and form of the 
resulting notch are shown in Fig. 28. These dimensions were scaled from a large 
scale layout of the joint. In making the layout, the actual dimensions of the 
members were used. 

Resolving the stress in member b-f into its components perpendicular to the 
faces of the notch by means of a force diagram, the forces to be carried are as 
shown in Fig. 28. Since these loads act at an 
angle to the grain of the material, the strength 
of the notch depends upon the allowable bear- 
ing values on these surfaces, as determined by 
the formula of Art. 23, for which the con- 
ditions are shown in Fig. 24. The angles which 
the surfaces 1-2 and 2-3 make with the grain of 
the material of the chord member and of 
member b-f are as shown in Fig. 28. These Fia. 28. 
angles were measured with a protractor from a 
large scale layout of the joint. Angles were read to the nearest half degree. 

The allowable bearing values as calculated from the formula of Art. 23 are 
as follows: 


Chord member: 
surface 1-2, 330 + 0.1815(74)? 
surface 2-3, 330 + 0.1815(16)? 
Member D-f: 
surface 1-2, 330 + 0.1815(52.5)? = 850 lb. per sq. in. 
surface 2-3, 330 + 0.1815(37.5)? = 585 lb. per sq. in. 
For these allowable bearing values, the areas required are as follows: 
Chord member: 


1,330 lb. per sq. in. 
375 lb. per sq. in. 


surface 1-2, 3 = 3.90 sq. in. 

surface 2-3, ae = 10.4 sq. in. 
Member D-f: 

surface 1-2, att = 6.12 sq. in. 

surface 2-3, sae = 6.67 sq. in. 


These calculations show that the required areas are 6.12 sq. in. for surface 1-2, 
and 10.4 sq. in. for surface 2-3. 

As the notch 1-2 is assumed to be 144 in. deep, the width required on this 
aoe = 4,90 in. From the design given in Art. 26, a 4 X 4-in. 
member is sufficient for member b-f as far as the column design is concerned. 
This member, however, does not provide the required width on surface 1-2, as 
given by the above calculations. The required area can be provided by one of 
two methods; either the notch can be made deeper, or the member can be made 
wider. As designed in Art. 26, the chord member is 6 in. wide and member b-f. 
is 4 in. wide. It is therefore possible to increase the width of member b-f. 
In this case it does not seem advisable to make the notch deeper than assumed, 


surface is 
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because the excess area provided by the section adopted does not allow much 
cutting. The required area will be provided by increasing member b-f to a 4 X 
6-in. section, actual size assumed as 354 X 514 in., placed with the 4-in. side in 
the plane of the truss, as shown in Fig. 28. The area provided on surface 1-2 
is then 5.5 X 1.25 = 6.875 sq. in., which is satisfactory. 

In order to prevent member b-f from slipping out of place due to shrinkage of 
the parts, it is best to provide a tenon projecting from the surface 2-3 into a slot 
in the chord member, as shown in Fig. 28. 
This tenon should be about 1 in. thick, and the 
slot in the chord member which receives the 
tenon should be about 1} in. wide. The net 
width of the surface 2-3 is then 5.5 — 1.125 = 
4.375 in. From Fig. 28, the length of the surface 
2-3 is 4.53in. The area provided is then 4.53 
; X 4.375 = 19.8sq.in. From the calculations 
regia given above, an area of 10.4 sq. in. is required. 

Hue 2) The detail is satisfactory and will be adopted. 

Figure 29 shows another arrangement for joint 6. A S-shaped bent steel 
plate has one of its legs notched into the chord member, while the other leg forms 
a projection against which the member b-f bears. The depth of the projection 
1-2 is determined by the allowable bearing on this surface, which, from the form- 
ula of Art. 23, is 330 + 0.1815(86.8)? = 575 lb. per sq. in. Resolving the stress 
in b-f into components parallel and perpendicular to the chord member, the loads 
shown in the force diagram are obtained. Therefore, the area required on surface 


1-2 = a = 4.98 sq. in. If b-f be taken as a 4 X 4in. member (actual 
, ; ; : 4, : 
size 35g in. square), the required distance 1-2 = aoe = 1.378 = 13% in. 


The thickness of the plate is determined by its strength as a cantilever beam 
of length 13g in. The plate will be made the full width of the chord member, 
which is 514 in. wide. Assuming the pressure to be concentrated at the center of 
the surface 1-2, the moment is 3g X 2,910 X (13¢ + 44) = 2,730 in.-lb., and the 


‘ - : ints M\* 
thickness required for a working stress of 16,000 lb. per sq. in. isd = ( = 


fb 
6X 2,730 \% ; : ; 
16 x x 5B "= 0.431in. A 1¢-in. plate will be used. 
From the formula of Art. 23, the allowable bearing pressure for the 4 X 4-in. 
member on the surface 2-3 is 330 + 0.1815 (53.2)? = 840 lb. per sq. in. The 


bearing area required between the 4 X 4-in. member and the under side of the 
. 5,830 : 

plate is 8 ry vila 6.95 sq. in. On the upper surface of the plate, the bearing 

is directly on the side of the chord member, and the allowable bearing is 330 lb. 

per sq. in. The bearing area required on the lower face of the chord member is 


330 = 17.7 sq. in. From a large scale layout of the joint, the dimensions 


were found to be as shown in Fig. 29. The bearing area provided between the 
4 X 4-in. member and the plate is then 314 X 35¢ = 12.7 sq. in., and the area 
provided between the chord member and the plate is 5.5 X 3.5 = 19.2 sq. in., 
as the plate is assumed to cover the full width of the chord member. 
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The component of thrust parallel to the chord member is taken up by notching 
into the chord member. As the bearing is on the end fibers of the material, the 


allowable bearing is 1,800 lb. per sq. in., and the area required is po = 
? 
1.62 sq.in. The depth of the notch required is Le = 0.294 in. A 3¢4n. 


notch will be used, for a shallower notch is not effective. 

The bent plate is kept in contact with the chord member and with member b-f 
by means of lag screws, or by means of a bolt passing through the members. Fig- 
ure 29 shows the adopted detail. 

Figure 30 shows a detail for joint b which 
makes use of a cast-iron angle block. This 
block is notched into the top chord by means 
of a lug cast on the angle block. Member 
b-f bears directly on the end of the angle 
block. In order to save material, and also 
to reduce the weight of the angle block, it 
will be made up of two bearing surfaces, 1-2 
and 3-4, connected by a cast web. 

The design of an angle block of the form 
shown in Fig. 30 consists in the determination 
of the size of the lug which notches into the 
top chord, and the thickness required for the 
cantilever beams forming the bearing 
surfaces 1-2 and 3-4. The force diagram Pr 
shows the components of load parallel and gilt as fe ah 
perpendicular to the top chord member. eee 

The depth of the lug must be sufficient to transfer to the end fibers of the top 
chord member a stress of 2,910, as shown by the force diagram. As the allow- 
able bearing on the end fibers of the material is 1,800 lb. per sq. in., and the width 
of the chord member is 514 in., the depth of notch required is only PaO SCRE 
= 0.294 in. As the required notch is too shallow to be effective, a 1-in. notch 
will be used. The width of the lug is determined by its strength as a cantilever 
beam under a moment of 2,910 & 0.5 = 1,455 in.-lb. If the working stress for 
cast iron is taken as 3,000 Ib. per sq. in., the width required is (Cre fe = 
( 6 X 1,455 \%4 

5.5 X 3,000 
of the lug are as shown in Fig. 30. 

The area required on the surface 1—2 is determined by the bearing strength of 
the timber across the fibers, which is 330 lb. per sq. in. From the force diagram, 
the load to be transmitted to the chord member is 5,830 lb. The area required 


is then ie = 17.7 sq. in. If it be assumed that the top surface of the lug 


= 0.727 in. A width of 1 in. will be adopted. The details 


does not carry compression due to imperfect workmanship, the area provided on 
surface 1-2 is (4.5 — 1.0) 5.5 = 19.3 sq. in., which is ample. 

The thickness of the upper bearing surface is determined by the necessary 
thickness when considered as a cantilever beam. Figure (b) shows a vertical 
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5,830 
section z-x of Fig. (a). This beam is subjected to a pressure of cr 303 


lb. per sq. in., acting as shown in Fig. (b). For the conditions shown, the bending 
moment in a strip of beam 1 in. wide is 144 X 303 X 2.25? = 765 in.-lb. at the 
edge of the vertical web. For an allowable bending stress of 3,000 lb. per sq. in. 


, . (6M\% 765 \%4 3 
for cast iron, the required thickness is (F) Be (6 x "= 1.24 in. 


3,000 
The section will be made 1)4 in. thick. 

By a similar process it will be found that the thickness of the bearing surface 
3-4 can also be made 114 in. thick. The angle block will be fastened to the chord 
member by means of lag screws. To hold the member b-f in place, side pieces 
will be cast on the lower bearing surface. Lag screws through the projections 
thus formed will hold the member 
rigidly in position. All details 
are shown in Fig. 30. 

Member b-e, the vertical 
tension rod, passes through the 
chord member and bears on the 
chord by means of a cast washer. 
As member b-e has no definite 
stress, a washer similar to the one 
designed for joint c will be used. 
Figure 31(c) shows the details of 
the washer. 

Design of Joint c.—Figure 
31 shows two designs for joint c. 
The design methods are similar 
to those used for joint b. Figure (a) shows a joint made by notching, and Fig. 
(b) shows an angle block design. Due to the angle between member c-g and 
the top chord member, a solid block was used in this case. 

The vertical rod c-f transmits to the upper chord its stress of 2,990 Ib. This 
load is brought to the top of the chord member by a washer. In this case a cast 
angle washer will be used, as shown in Fig. 31(c). The design of this washer 
consists in providing a base area sufficient to transmit to the top fibers of the chord 
member, a stress of 2,680 lb., the component of stress perpendicular to the chord 
member, and in providing an area at the toe of the washer which will provide 
for a load of 1,340 lb., the component of stress parallel to the chord member. 

As stated in Art. 23, the bearing under washers which bear perpendicular to 


the grain is 412.5 lb. per sq. in. The area required on surface 1-2 of Fig. (c) is 


2,680 : : : : : 
then 412 a 6.5 sq.in. Since the rod composing member c-f is 34 in. in 


Joint c 
Fre. 31. 


diameter, the hole in the washer should be about 1 in. in diameter. As the hole 
in the base of the washer is elliptical in form, the area will be taken as 1.5 sq. in. 
The required gross area of the base is then 6.5 + 1.5 = 8.0 sq.in. A3 X 3-in. 
base will be used. 

To resist the component of load parallel to the chord member, the washer will 
be set into the chord member. As the allowable end bearing on the fibers is 1,800 


Ib. per sq. in., and as the washer is 3 in. wide, the indentation must be at least 
1,340 ee Hens ie. 
1/300 X 3 0.25 in. A }4-in. indentation will be used, as shown in Fig. (c). 


- The design of this detail is similar to the 
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Other forms of washer details in common use for sloping chords are shown in 
Figs. (d) and (e). In the form shown in Fig. (d), the top chord is notched to form 
a horizontal surface. A round or square washer is then used whose base area is 
determined for the allowable bearing, as calculated from the formula of Art. 22. 
Figure (e) shows a bent plate washer. 


one shown in Fig. (c). 

Design of Joint d—Joint d, the apex 
joint, is a butt joint in which the members 
intersect at an angle. The design of this 
joint consists in providing the proper area 
between the abutting surfaces, and the 
provision of proper bearing under the 
washer on the vertical member d-g. Rigid 
fastenings are to be provided in order to 
hold the members in line. 

Figure 32 shows a detail of the apex 
joint in which the top chord members from 
the two sides of the truss butt against 
each other on a vertical line and against 6) 
a plate washer on the end of member d-g, 
the verticalrod. The maximum stress 
in member c-d is 17,820 lb., as givenin Table 10. This stress is due to the vertical 
loading of 40 lb. per sq. ft. of covered area, for which the panel load is 5,320 lb. 
The stresses in all members, and the panel load, are shown in position. 

The details of the joint depend on the method of supporting the purlin at this 
point. If the purlin is set on the top of the washer, the bearing area on the under 
side of the washer must be determined for the vertical components of the stresses 
in the chord members. From the force diagram, the load to be carried is 2 X 
7,980 = 15,960 1b. If a detail of the form shown in Fig. 43 (b) is adopted, where 
the purlin load is distributed equally to the two chord members, the load to be 
provided for on the under side of washer is 15,960 — 5,320 = 10,640 lb., whichis 
equal to the stress in the vertical rod. The latter detail will be adopted in this 
case, as shown on the general drawing, Fig. 44. 

From the formula of Art. 23, the allowable bearing on the under side of the 
washer is 330 + 0.1815 (26.5)? = 460 lb. per sq. in., and that on the vertical 
bearing surface is 330 + 0.1815(63.5)? = 1,060 lb. per sq. in. The area required 


, 


: 1 j i 
on the under side of the washer is then AMD 23.1 sq. in., and on the verti- 


: . 15,960 , ; 
cal bearing surface the area required is 7.060 ~ 15.1 sq. in. Assuming 


Fia. 32. 


the plate washer to cover the full width of the chord member, the length required 
trond 
1S ree 
in. square steel plate will be used, as shown in Fig. 32 (a). If the horizontal bear- 
ing area for each chord member is made 234 in., a layout of the joint will show that 
the vertical bearing surface is about 434 in. The area provided on the vertical 
bearing surface is then 4.75 X 5.5 = 26.13 sq. in., which is more than required. 


=42in. To allow for the area taken out for the vertical rod, a 514- 
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The thickness of the plate washer will be determined on the assumption that 
it forms a double cantilever beam. Figure (b) shows the assumed distribution of 
loading, which is approximate but accurate enough under the conditions. The 
moment to be carried on section z-r is 5,320 X 1.375 = 7,315 in.-lb. For an 
assumed working stress a 16,000 lb. per sq. in., the thickness required is d = 


(F mu) = - (an) = 0.83 in. A %-in. plate will be used. As shown ~ 


in oe (b), a 114-in. hole is provided in the washer for the vertical member, which 
leaves a net width on section z-x of b = 5.5 — 1.5 = 4.0 in. 


Joint a 


Fie. 33. Fig. 34. 


To hold the chord members in place, short pieces of 2 X 6-in. plank are fas- 
tened to the faces of the chord members by means of 34-in. bolts. These pieces 
do not carry any definite stress. 

Figure 33 shows two forms of cast-iron block details for the joint at point d. 
In the design of Fig. 33(a), the bearing surfaces required are determined by the 
same methods as used in the design of Fig. 32. The required thickness of metal 
can be determined by considering the upper surface to be a fixed ended beam sup- 
ported by the side surfaces. The details shown in Fig. 33 are more expensive 
than the ones shown in Fig. 32. It is doubtful if the added expense is worth 
while, for the detail of Fig. 32 is simple, effective, and inexpensive. 

Design of Joint a.—The design of the joint at a, the heel of the truss, requires 
careful consideration. At this point the stresses to be provided for are greater 
than at any other point in the truss. In general the members meet at an acute 
angle, which adds to the difficulties encountered in the design. Designs will be 
worked out in detail for a joint formed by notching one member into the other; for 
one formed by a bent strap with lugs; for a joint consisting of steel side plates; 
and for a cast-iron shoe. 

Figure 34 shows an arrangement for a joint at point a formed by notching the 
top chord member into the lower chord member. The notch is so arranged that 
the surfaces 1-2 and 3-4 provide equal areas. The connection formed between 
the members is central and no eccentric moments are to be provided for. 

It can be seen from Fig. 34 that the bearing value at the notches is governed 
by the allowable values for the horizontal member. From the formula of Art. 23, 
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the allowable bearing is 330 + 0.1815 (63.5)? = 1,060 lb. per sq. in. Hence the 
total area to be provided on surfaces 1-2 and 3-4 is ee = 28.1 sq. in. 


If the notches are made 1%¢ in. deep, as shown in Fig. 34, the width of bearing 
F 28.1 . : 
required is 1g X 18757 7.5 in. From Table 11, the stress in member a-b 


calls for a 6 X 6-in. piece, of which the actual width is 5144 in. Since it is not 
advisable, and in fact impossible in this case to make the notches deeper because 
of the reduction in the available net area of the lower chord section, the members 
must be made wider if this form of joint is to be used. The calculations above 
show that a 6 X 8-in. member, actual width 714 in., must be used for both the 
top and bottom chord members. This change will be made and the other details 
of the design will be worked out. 

The net area of the lower chord member must now be checked up. As shown 
in Fig. 34, the weakest section is on a vertical section through point 4, where the 
net area provided is 7.5 X 3 = 22.5sq.in. From Table 11 the net area required 
for member a-e is 16.2 sq. in. The area furnished is therefore ample, provided 
no further cutting is required. 

The loads brought to the surfaces 1-2 and 3-4 must be resisted by the shearing 
resistance offered by the surfaces 2-6 and 4-7. The shearing resistance developed 
must be equal to the horizontal component of the stress in the top chord member, 
which is 26,670 lb., as shown by the force diagram. Assuming that surface 2-6 

26,670 

2 X 240 X 7.5 
= 7.4, when the shearing working stress is 240 lb. per sq. in., as given 
in Art. 23. Surface 4-7 is below surface 2-6 so that it can be counted upon to 
act as shear resisting area. To provide some excess area due to possible defects 
in the material, the bottom chord member will be extended 12 in. beyond the 
intersection of center lines, as shown in Fig. 34. A layout of the joint will show 
that the lower chord member will not project outside the roof line if the purlin is 
placed with its lower surface on the same level as the under side of the top chord 
member. 

The top chord member will be held in place on the lower chord member by 
means of bolts passing through the members, as shown in Fig. 34. These bolts 
do not carry any definite stress, as they serve only to hold the parts together. 
Two %-in. bolts will be used, located as shown in Fig. 34. In order to avoid fur- 
ther cutting of the lower chord member to provide seats for the washers at the 
lower ends of the 34-in. bolts, a6 X 8-in. timber, known as,a corbel, will be bolted 
to the under side of the chord member, as shown in Fig. 34. 

Although the 34-in. bolts do not carry any definite stress, it is usual to assume 
that the probable maximum stress in the bolt is equal to its full net strength in 
tension. Washer details and bearing areas are then determined for thisload. As 
the area at the root of thread for a 34-in. bolt is 0.302 sq. in., the probable maximum 
bolt stress is 16,000 0.302 = 4,830 lb. For the conditions shown in Fig. 34, 
the allowable bearing value under the washers is governed by the conditions under 
the corbel. From the formula of Art. 23, the allowable bearing value is 330 + 
0.1815 (26.5)? = 460 lb. per sq. in. As stated in Art. 23, this may be increased 
for washers which cover only a part of the area of the bearing surface. The bear- 


carries one half of this load, the length required on surface 2-6 is 
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ing area required is then iter = 8.4 sq. in. From a table of Standard 
Cast Washers, it will be found that the standard washer for a 34-in. bolt provides 
a bearing area of about 7.9 sq. in. Under the conditions, a standard washer 
will be used, although the area provided is somewhat deficient. If the discrep- 
ancy in area is greater than for the case under consideration, it will be best to 
design a special steel plate washer similar to those used at joints d, f, and g. 

Since the probable bolt stresses are inclined to the axis of the corbel, keys or 
wedges must be inserted between the lower chord member and the corbel to prevent 
any movement of the parts. If three wooden keys are provided, as shown in Fig. 
34, each key must take one-third of the horizontal component of the total stress 
in the bolts. From a force diagram, the horizontal component of the stress in 
the bolts is found to be 2 X 2,160 = 4,3201b. In addition to this load, the keys 
must also provide for the horizontal component of the reaction due to wind. 
From the coefficients for wind load reactions given in the chapter on Roof Trusses 
—Stress Data, in the volume on “‘Stresses in Framed Structures,” the maximum 
horizontal force to be provided for is 2.06 X 2,220 X sin 26°34’ = 2,050lb. The 
total to be carried by the keys is then 4,320 + 2,050 = 6,550 Ib. 

A2 X 4-in. key, actual size 15g X 35¢ in., will be assumed. Figure (b) shows 
the conditions for which the key is to be designed. The area required for bearing 
6,550 
412.5 
a working stress as for bearing under washers. The area provided by the assumed 
key is 44 X 1.625 X 7.5 = 6.08 sq. in., which is sufficient. The length of the 
key is determined by the area required to develop a shearing resistance equal to 
one-third of the total horizontal force to be carried, which is 1g & 6,550 = 2,183 
Ib. As given in Art. 23, the allowable shearing stress transverse to the grain 
is 150 lb. per sq. in. The area required for each key is then care = 14.5 
sq. in. As shown in Fig. (b) the area provided by a key on the surface 1-2 is 
3.625 ‘X 7.5 = 27.2 sq. in. The assumed key is satisfactory. To prevent the 
key from twisting, due to the eccentric application of the forces, a 34-in. bolt 
will be placed close to each key, as shown in Fig. (a). 

The bearing area provided between the masonry wall and the corbel is deter- 
mined by the allowable bearing on the masonry, which is given in Art. 23 as 300 
lb. per sq. in. From Art. 25 it will be found that the reactions at the wall are as 
follows: dead load, 5,500 Ib.; snow load, 8,940 lb.; wind load, vertical component 
4,100 lb., horizontal component 2,050 lb. The resulting reactions are then: 
(a) dead load, minimum snow load, and maximum wind load, vertical component 
14,070 lb., horizontal component 2,050 Ib.; (b) dead load, maximum snow load, 
and minimum wind load, vertical component 14,810 lb., horizontal component 
700 lb.; and (c) reaction due to a vertical load of 40 lb. per sq. ft. of covered area, 


15,960 fb: Case (c) therefore determines the required bearing area, which is 


15,960 f 
“Sse = 53.3 sq. in. If a 12-in. wall is assumed, the arrangement shown 


against the side fibers of each key is 14 X 5.28 sq. in., assuming 


in Fig. 34 provides a bearing area of 12 X 7.5 = 90 sq. in., which is greater than 
required. To prevent horizontal movement on the wall, the corbel will be 


notched over the wall, as shown in Fig. 34. The area required in bearing ge 


2,050 
300 ~ 6.83 sq. in. A 1-in. notch will provide 7.5 sq. in. 


the wall is 
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Figure 35 shows a design made up for a bent strap with a lug notched into the 
lower chord. It will be assumed that all of the stress in the top chord member is 
transferred to the lower chord member by means of the bent strap. The bolts 
serve only to hold the parts together. 

The bearing areas on surfaces 1-2 and 2-3 must be large enough to provide for 
the components of forces shown in the force diagram. From the formula of Art. 
23, the allowable bearing value 
on the surface 1-2 is 1,060 lb. per 
sq. in., and that on surface 2-3 is 
460 lb. per sq. in. Since the 
fibers at the end of the top chord 
member are confined by the bent 
strap, which tends to increase the 
allowable bearing value, it seems 
reasonable to allow an increase 
of 25 per cent in the working 
value given above. The bearing 


Joint a 


. Fia. 35. 
areas required are: surface 1-2, 
26,700 S ae t 13,335 __ A : 
1,060 X 1.25 ~ 20.1 sq. in.; and surface 2-3, 460 % 125 = 23.2 sq.in. Since 


the under side of the bent strap bears directly on the side fibers of the lower chord 


member, the allowable bearing is 330 lb. per sq. in. If this be increased 25 per 
3,586 < 1.25 = 32.4 sq. in. 

In order to secure a notch of reasonable depth on line 1-2 of Fig. 35, it will be 
found necessary to increase the width of the chord members to 8 in., as in the case 
of the design of Fig. 34. A notch 234 in. deep will provide an area of 2.75 X 
7.5 = 20.6 sq. in., which slightly exceeds the required area. On surface 2-3, an 
area of 6.75 X 7.5 = 50.6 sq. in. is provided, which exceeds the area required. 

The strap must be set into the chord member to a depth which will provide 
for the horizontal component of 26,670 lb. in bearing on the end fibers of the mate- 
rial. Assuming that one-half of the load is taken at the front end of the strap 
detail, and that the other half is taken by a lug at the rear end, the depth of notch 


26,670 . : 
to om Ue 4 -in. ] sed, 
2X 1,800 X7.5 0.988 in. A 1-in. notch will be used 


cent, as assumed above, the area required is 


required at each place is 


as shown in Fig. 35. 

The thickness of the strap is determined by the conditions at the lug on the 
rear end. Considering the lug to be a cantilever beam which carries half of the 
horizontal component of the stress in the top chord member, and assuming that 
the thickness of the strap is 34 in., the bending moment to be carried by the strap 
is 44 X 13,335 (1.0 + 0.75) = 11,700 in.-lb. This moment occurs on a vertical 
section at the point where the lug joins the horizontal portion of the strap. 


Assuming that the strap is made of steel for which the allowable working stress 
: : Pere seach ice ; (= a pee 
is 16,000 lb. per sq. in., the require ickness 18 bf =\75 16,000 


= 0.765in. A 34-in. strap 74 in. wide will be used, arranged as shown in Fig. 35. 


It is necessary also to make certain that the net area of the strap is sufficient to 


13,335 


act as a tension member. As the tension area required is 16.000 > 0.835 sq. 
? 


in., the strap furnishes excess area. 
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To hold the strap in place on the end of the top chord member, two 7-in. 
bolts, placed about 4 in. center to center, will be used. These bolts do not carry 
any definite stress, but experience has shown that the joint, to be effective, must 
have all of its parts held securely in position. Bolts of the size adopted will be 
found to be ample for trusses of the size under consideration. 

The strap will be held in place on the lower chord member, partly by means 
of a block keyed in place, and partly by means of vertical bolts placed close to the 
face of the lug, as shown in Fig. 35. An exact determination of the stress in these 


bolts can not be made. By assuming that the moment of the stress in the bolt 
taken about the edge of the wedge block is equal to the moment on the lug consid- 
ered as a cantilever, an approximate determination of the bolt stress can be made. 
On this assumption the moment of the bolt stress is 11,700 in.-lb., as calculated 
above. By scale from Fig. 35 the lever arm of the bolt stress about the edge of 
the wedge block is 1 in. The stress in the bolt is then about 11,700 lb. At 
11,700 
16,000 
bolts will furnish the required area. 

The length required on the surface 4-6 to resist in shear the load brought to 
surface 4-5, and all details of the corbel and keys, are calculated by the methods 
given for the design of Fig. 34. All details of the adopted design are shown in 
Fig. 35. 


16,000 lb. per sq. in., an area of = 0.73 sq. in. is required. Two 3¢-in. 
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Figure 36 shows a detail for joint a made up of structural steel plates and 
shapes. In this design the stresses in the top and bottom chord members are 
transferred to steel side plates by means of lugs riveted to the plates. The load 
is transferred from the side plates to the masonry walls by a shoe composed of 
angles riveted to a short piece of rolled channel. A detail of the form shown in 
Fig. 36 is especially useful for trusses in which the distance from the intersection 
point of the center lines of members and the end of the truss is limited, as, for 
example, in structures in which the walls are built up above the lower chord of 
the trusses. A long overhanging end detail of the form shown in Figs. 34 or 35 
could not be used in such cases, for the end of the truss would project through the 
walls. 

As shown in Fig. 36 (a), the stress in the top chord member is transferred to 
29,800 _ 

Tee 
7,450 lb. Since the allowable bearing pressure on the end fibers of the material 


is 1,800 lb. per sq. in., and since the chord member is 5.5 in. wide, the depth of 
: : 7,450 
Shs om « : Stas ; 
notch required is 1,800 X55 0.753 in. A %%-in. lug will be used. As the 
amount of cutting to provide notches on the chord members is small, the 6 X 
§-in. section designed in Table 11 can be used. 
The lugs will be fastened to the side plates by rivets 34 in. in diameter. 


From tables of rivet values, the value of a 34-in. rivet in single shear is 6,630 lb. | 


the side plates by means of four lugs. The load on each lug is then 


450 ‘ ek gay Be 
Hence, aaah = 2 rivets are required in each lug, as shown in Fig. (a). In order 


to provide room for these rivets, the lugs will be made 214 in. wide. 

The distance between the lugs on the top chord member is determined by 
the shearing area required to resist the load on the lugs. Since the load to be 
carried by each lug is 7,450 lb., and since the allowable shear is 240 Ib. per sq. in., 


the area required between lugs is a = 31.0sq.in. As the top chord mem- 
ber is 534 in. deep, the distance between the lugs must be ae = §.64in. To 


allow for inequalities in material and uneven bearing on the lugs, the clear dis- 
tance between lugs will be made 714 in., as shown in Fig. (a). As the top chord 
member is in compression, the shear area must be provided to the right of the lug, 
or toward the apex of the truss. For the lower chord member, which is in tension, 
the shear area must be provided to the left of the lug—that is, between the end 
of the truss and the lug. The arrangement of lugs shown on Fig. (a) for the lower 
chord member provides more shear area between the lugs than is required to 
carry the loads. The lugs are placed as shown in order to bind the plates firmly 
to the chord member. 

The thickness of the side plates is determined either by the limiting slenderness 
ratio required as a compression member at the lower end of the top chord mem- 
ber, or by the section required to resist the bending stresses due to the applied 
loads. From Fig. 36 (a), the maximum unsupported length of plate at the top 


chord member is about 8 in. If ! is limited to 125, the minimum allowable r = 


8 0.064 


isn 0.064in. Forarectangler = 0.289d. Therefore, d = 0.989 = 0.22 
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in. Since it will be necessary to countersink some of the rivets in the rear face of 
the plate, in order to secure a smooth face, a plate at least 2g in. thick must be 
used, as shown by the dimensions of countersunk rivet heads. 

Figure 36 (b) shows the forces acting on one of the side plates at a section where 
the depth of plate is 10 in. The forces shown on section x-x represent the inter- 
nal stresses. These forces are a shear of 7,980 lb., a thrust of 6,670 lb., and a 
bending moment about the center of gravity of the section of 14,900 & 1.7 + 
6,670 X 2.2 = 50,000 in.-lb. The extreme fiber stress, which is compressive, 


occurs at the upper edge of the plate. The fiber stress is to be calculated from 


the formula for bending and direct stress, or f = a+ Be ee 


I 10 X 0.375 
6 X 50,000 
0375 X102 > 1,780 + 8,000 = 9,780 Ib. per sq. in. The effect of shear can be 


neglected, as in the case of ordinary beam design. Other sections were investi- 
gated, but fiber stress at section z-x was found to bea maximum. Since the 
fiber stress found above is well within allowable limits, the 3¢-in. plate will 
be adopted. 

The side plates are held in place against the chord members by means of bolts 
placed as shown in Fig. (a). Figure (c) shows the forces acting on one of the lugs 
at the compression chord. These forces tend to cause a clockwise rotation of the 
lug. This rotation is resisted by bending in the side plates, by tension in bolt 1, 
_and by compression on the side fibers of the timber at bolt 2. Neglecting the 
effect of the bending of the side plate, and assuming that the compression is 
0.625 
5" 
=1,3301b. Figure (c) shows the conditions on which this equation is based. To 
carry this stress, }4-in. bolts will be used, arranged as shown in Fig. (a). At bolt 
2 the side plate presses against the chord member with a force of 1,330 1b. If the 
allowable bearing on the side of the chord member be assumed to be the same as 


concentrated at the bolt, the resisting forces are found to be 7,450 X 


for washers, the width of bearing required is 425 X55 7 0.6 in. As the 


side plate extends 114 in. beyond the 
lug, proper provision has been made for 
the compression at this place. The 
lugs on the lower chord member are 
subjected to similar conditions. Figure 
(a) shows the adopted arrangement of 
lugs and bolts. 

The details of the shoe are as shown 
in Fig. (a). Short pieces of 314 X 3% 
. X 1-in. angle are riveted to the side 
plates. As the maximum vertical re- 


action is 15,960 lb., and the rivets are 


oe 2' 1 ; 
in single shear, a = 3 rivets are 


required. In Fig. (a) six rivets are 
shown in place. The sole plate is formed by an 8-in. 11.25-lb. channel. The 
flanges of the channel are placed downward and provide resistance against 
horizontal motion, taking the place of the notch used in the design of Fig. 34. 
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A modified form of the joint of Fig. 36 is shown in Fig. 37. In this design the 
side plates do not extend far enough along the lower chord member to include 
the shoe, which is fastened directly to the chord member. The stresses in the 
chord members are transferred to the side plates from which the combined 
loads are transferred back to the lower chord member and thence to the wall 
through the shoe. This arrangement causes a bending moment at the end of the 
lower chord member, and also causes vertical forces to be set up which must be 
resisted by the bolts at A and B of Fig. 37 (a). From Fig. (a), the moment in 
the chord members is (15,960 — 2,660) 7.25 = 96,500 in.-lb. Figure (b) shows 
the side plates removed with all forces in position. To hold the plate in equi- 
librium under the action of the stresses in the chord members, forces P and Q 
must act as shown. These forces can be determined subject to the conditions 
that moments about any point outside of the plate must be zero, and that 
P-Q is equal to the vertical component of the top chord stress. Figure (b) 
shows the resulting values. 

The design of this form of joint will not be carried beyond this point. Design 
methods for the determination of the sizes of bolts required at A and B are given 
in the section on Splices and Connections—Wooden Members in the volume on 
“Structural Members and Connections.” The fiber stresses in the chord member 
can be determined by the methods used for the design of wooden beams. 

The arrangement of Fig. 36 is decidedly better than the one of Fig. 37; the 
former detail is therefore recommended, as the latter detail leads to very heavy 
bending and bolt stresses in the case of large structures. 

Figure 38 shows a design for joint a in which a cast shoe is used. The hori- 
zontal component of the top chord stress, which is 26,670 Ib., is transferred to the 
bottom chord member by means of lugs set into the lower chord. The vertical 
component of the top chord stress is transferred to the lower chord member in 
bearing on its upper fibers. It is the usual practice in the design of a shoe of the 
form shown in Fig. 38 to assume that the bearing on surface 2-4 is uniformly 
distributed over the area of contact between the shoe and the chord member. 
This assumption holds true only when ZV, the vertical component of the top 
chord stress, is applied at the center of the bearing area on the chord member. 
In the case under consideration, which is shown in Fig. 38, 2V intersects the 
‘surface 2-4 at a point 2.8 in. from its center. The maximum bearing pressure 
therefore occurs at point 2. At other points the bearing pressures are smaller 
than at 2, while at point 4 the direction of pressure is upward. This upward 
pressure must be resisted by a bolt, for upward pressures in such details can 
not be resisted directly by the surface 2-4. The principles of design are similar 
to those outlined for the design of the column footings given in the chapter on 
the Detailed Design of a Roof Truss with Knee-braces, 

As shown in Fig. 38, the top chord member bears directly on a flat base 1 in. 
thick which is supported by two webs, one on each side of the casting. This 
base can be designed as a beam fixed at the ends by the side web plates. The 
adopted thickness of base is somewhat greater than required by the stresses. It 
was made 114 in. thick in order to secure a rigid connection at this point. The top 
chord member is held in place on the shoe by two side plates, and by means of a 
short lug set into the end of the member. In this design the 6 X 6-in. pieces 
called for in the design given in Table 11 can be used, as the bearing area on the 
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end of the chord member and the net area required for the lower chord member 
are furnished by the arrangement shown. 

The vertical lug on the rear end of the shoe is made twice as deep as the one 
at the front end, as shown in Fig. 38. This is done in order to reduce the required 
shear resisting area in front of the shoe. Assuming that the rear lug takes 4 of 
the horizontal force and that the front 
lug takes the balance, the load at the 
front lug is 4% X 26,670 = 8,890, and 
the load at the rear lug is 17,780 |b. 
Since the allowable bearing on the end 
fibers of the material is 1,800 lb. per sq. 
in., and the chord member is 5} in. 
wide, the depth required for the front 


a l2'Wall 


Je IBBOR- ils 

lug 18s 1,800 X 5.5 = 0.898 a for 
17,780 

the rear lug, a depth of 1800 x 5.5 = 


1.80in. is required. The front lug will 
be made 1 in. deep, and the rear lug 
will be made 2 in. deep, as shown in 
Fig. 38 (a). 

The position of 2V, the vertical 
component of the top chord stress, 
can be determined as soon as the depth 
of the lugs is fixed. As shown in Fig. 


Sdction 4-8 1750 B (a), }Hand V intersect on the center 
(c) line of the top chord member. To 
Fia. 38. locate the line of action of 2H, take 


moments about surface 2-4, from which 
. 
C= oe AGG. re Buds 0.833 in. Having given the line of action of 
LH, the position of ZV can be determined by a layout of the joint, from which it 
will be found that ZV lies 3.8 in. from the intersection of the center lines, as 
shown in Fig. (a). 

The distance from the front lug to the end of the chord member is deter- 
mined by the length required to develop a shearing resistance of 8,890 lb. Fora 
8,890 
240 X 5.5, 
= 6.74 in. The length provided furnishes some excess area. Since the shear- 
ing area required for the rear lug is twice as great as that for the front lug, the 
adopted dimensions provide excess area. As the shear area for the rear lug is 
below that for the front lug, the entire distance from the rear lug to the end of 

the chord member can be counted on as shear area if necessary. 

The thickness of the lugs is determined by their strength as simple cantilever 
beams. It will be found best to make the casting either of cast steel, or of malle- 
able cast iron. For these materials the fiber stress in bending can be taken as 
7,500 Ib. per sq. in. If ordinary cast iron is used, for which the allowable bending 
stress is about 3,000 lb. per sq. in., very wide lugs would be required, resulting in 
a heavy, awkward casting. The stronger material will therefore be used. 


working shear stress of 240 lb. per sq. in., the distance required is 
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At the rear lug, the moment to be carried on the surface 4-5 is 17,780 X 1 = 
17,780 in.-lb. or thickness required, using a working stress of 7,500 lb. 
ele 3g _ (6 X _17,780\% ; é : 
per sq. in., is 5.5 X 7,500 = 1.6lin. A 15¢-in. lug will be used. 
For the front oo the moment to be carried is 8,890 X 0.5 = 4,445 in.-lb. 


6 X 4,445 F d 
5.5 X 7,500 = 0.805 in. A %-in. lug 


and the thickness of lug required is 
will be used. 

Figures 38 (5) and (c) show sections of the body of theshoe. Asshown by these 
sections, the body of the shoe is formed by a 1-in. bearing plate which rests 
directly on the lower chord member. This base plate is strengthened by side 
web plates. The height of these side web plates is varied to suit the stress 
conditions for which provision must be made. 

Figure (b) shows the conditions which determine the size of the body of the shoe 
on section 2-3, close to the front lug. The thickness of the bed plate can be deter- 
mined by assuming that it acts as a simple beam supported by the side webs. 
Neglecting the supporting effect of the lug, and assuming that the load to be 
carried is equal to the maximum allowable bearing value of the timber, which is 
330 Ib. per sq. in., and that the span of the bed plate is the distance between the 
centers of the vertical web plates, we have, for a 1-in. strip, a moment of M = 
Yul? = lk X 330 X 4.5% = 835in.-lb. For a fiber stress of 7,500 lb. per sq. in., 


as assumed above, the required thickness of base plate is d = a)" = 


6X 835 \i, : . 
1x7 7,500 2 = ().818in. A 1-in. base plate will be used. 


The depth of the side webs must be great enough to provide for the stresses 
due to the loading conditions shown in Fig. (b). From thissketch it can be seen that 
section 2-3 is subjected to a thrust of 8,890 lb., and a moment of 8,890 (0.85 + 


0.5) = 12,130 in.-lb. This force and moment sak at the center of gravity of the 


section. As this is a case of combined stresses, the formula f = ae - will 


be used. For the conditions shown in Fig. (b), the fiber stress at point 2 is 


fi = 3 +a Pie — + 12,130 < ee = 4,560 lb. per sq. in. ae and at 
P Mc_ 8,890 
point 3 the fiber stress is f3 = Cale aE: — 12,130 X . = 4,690 lb. 


per sq. in. (tens.). Figure (c) shows a section at 4-6, near the rear lug. For 
the forces and dimensions shown it will be found, by the same methods as used 
for section 2-3, that the fiber stress at point 4 is 6,240 lb. per sq. in. compressive, 
and that at point 6 it is 5,740 lb. per sq. in., tensile. As all of these fiber stresses 
are within the allowable value of 7,500 lb. per sq. in., the sections will be 
adopted. 

The length of the bearing surface between the shoe and the chord member— 
that is, surface 2-4 of Fig. (a)—is determined by cut-and-try methods. If 
possible, the shoe should be located so that the vertical component of the top chord 
stress, shown by ZV in Fig. (a), acts at the center of the bearing surface 2-4. 
When this can be done, the bearing pressure over the surface 2-4 is uniform. In 
the truss under consideration, the angle between the chord members is small 
and a shoe arranged as described above would not be as compact as desired. It 
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will be necessary, in order to secure a well proportioned shoe, to place the center 
of the bearing surface behind the line of action of ZV. This will result in an 
uneven distribution of the bearing pressure between the shoe and chord member. 
As there will probably be upward pressures near point 4, a bolt will be provided 
to resist the total upward force. The distance between the top chord seat and 
therearlug will be made just sufficient to allow a 34-in. bolt to be inserted, as 
shown in Tig. (a). 

A length of bearing on line 2-4 of 16 in. will be assumed. The bearing stress 
on this area can be determined by the methods given in Art. 46. From eq. (3) 
of the article mentioned, with P = ZV = 13,335 lb.; b = 5.5in.;d = 16 in.;and 
e=2.8 in; we have p:= = ( +% - (13888 (1 +6 7 = 
151.5 (1 + 1.05) = 310 lb. per sq. in. Since this bearing value is less than 
the allowable of 330 lb. per sq. in., the assumed length is sufficient. 


: Ge. igh: ce a F 
Since the term q i the above equation is greater than unity, it is evident 
that tension exists at point 4, although, as indicated by the low value of the term 


6¢ , re ae a: F 
(1 — =) this tension is very small. From eq. (5) of the article mentioned 


ree : Pd (6e - 
above, the total tension in the bolt at the rear lug is T = i Va = 


13,335 X16 
(6 6x2 = ee 7.95 lb. The 34-in. bolt is much too large, 
yg, 


24X28" 
but it will be used. 

A corbel similar in form to the one shown 
in Fig. 34 will be used with the design under 
consideration. All details of the casting 

(a) and the corbel are as shown in Fig. 38 (a). 


Design of Joint f—Joint details for joint f can be arranged as described 
for joint b.. Figure 39 shows three forms of joint details for joint f. Figure (a) 
shows a design for notching, Fig. (b) shows a bent strap design, and Fig. (c) 
shows a cast-iron shoe. A plate washer is shown on the lower end of the 


vertical c-f. This washer is designed by the methods used for the washer at joint 
d and shown in Fig. 32. 
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Design of Joint g—The lower chord of a wooden roof truss is usually spliced 
at the center point, which, in the truss under consideration, is joint g. Two 
designs will be given in detail for the tension splice required at this point. One 
design will be worked out for a tabled fish plate splice constructed entirely of 
wood, and another will be worked out using steel side plates and bolts. Design 
methods for these two forms of splices are given in the section on Splices and 
Connections—-Wooden Members, in the volume on ‘Structural Members and 
Connections.” 

Figure 40 shows a tabled fish plate splice of wooden construction. This splice 
is composed of two wooden plates with lugs which fit into recesses cut into the 
sides of the lower chord member. The design of the splices consists in the deter- 
mination of the net area required for the splice plates and for the recessed portions 
of the lower chord member; the determination of the bearing area required 
between the splice plate and the chord member; the determination of the shearing 
area required on the projecting portions of the splice plate and the chord member; 
and the provision of bolts to hold the splice plates in position. 

Since there are two splice plates, and since the total load to be carried is 21,300 

ot 500s & 
2X 1,650 ~ 6.45 
sq. in. Assuming the width of the splice plate to be 5.5 in., the thickness 


lb., the net area required in the body of each splice plate is 


required is “ = 1.17 in. As the load on the splice plate and the chord 


member act directly on the end’fibers of the material, the allowable bearing value 
21,300 

2 5.5 < 1,800 
= 1.08 in. A 3 X 6-in. piece, actual dimensions 25g < 514 in., can be used 
as a splice plate. As shown in Fig. 40, the lugs will be made 1574, in. deep, and 
the thickness of the splice plate at the center will also be made 154, in. This 
arrangement will provide ample net and bearing areas. 

The length of the lugs required on the splice plates and on the end of the chord 
member is determined by the shearing area required to carry a load of 44 X 
21,300 = 10,650 lb. For a working shearing stress of 240 lb. per sq. in., the 


20 Gone BSR!) «0 : F 4 
length of the lug required is 240 X55 7 8.07 in. To provide for possible 


is 1,800 lb. per sq. in. The width of bearing required is then 


defects in the material, the lugs will be made 12 in. long, as shown in Fig. 40. 
Since the load to be carried by the splice plate is applied 154g in. from the axis 
of the plate, a moment is set up which tends to rotate the lug from its seat on the 
chord member. The amount of this moment is 10,650 & 1.3125 = 14,000 in.-lb. 
To hold the lug in its seat, a bolt will be placed through the splice plate and the 
chord member, as shown in Fig. 40. An approximate estimate of the stress in 
this bolt can be made by dividing the moment calculated above by the distance 
from the point of contact between splice plate and chord member to the bolt, 
which in this case is 6 in. Neglecting the effect of the resisting moment devel- 


; . 14,000 
oped by the body of the splice plate, the stress in the bolt is ee 2,330 Ib. 


For a working stress of 16,000 lb. per sq. in., the required area at the root of thread 
2,330 


is ~—— = 0.147 sq. in., which is furnished by a %-in, bolt. Standard 
16,000 
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washers on the ends of this bolt will provide proper bearing area on the side fibers 
of the splice plate. 

The net area of the chord members on the line of the bolt must be investigated. 
Since the depth of the cutting on each side of the main member is 15/¢ in., as 
shown in Fig. 40, the net width of member is 5.5 — 2 X 1.3125 = 2.875 in. 
Assuming the hole for the bolt to be 34 in. in diameter, the net depth of the chord 
member is 5.5 — 0.75 = 4.75in. Hence the actual net area of the chord member 
is 4.75 X 2.875 = 13.65 sq. in.” The net area required, as shown in Table 11, is 
21,300 

1,650 
splice is sufficient in all of its details. 

As shown in Fig. 40, two diagonal web members and a vertical tension rod 
enter joint g. The load in the tension rod is transferred to the chord member by 
means of a plate washer on the under side of the chord member. This washer is 
designed by the methods used for the washer at joint d, except that the allowable 
bearing pressure for the chord member at g is determined for the side fibers of 
the material, a value which is somewhat smaller than for joint d. However, it 
will be found that the two washers can be made of the same dimensions. 

The two web members entering joint g are shown as seated on a wooden block 
set into the top of the chord member. Ample bearing area is provided by the 
arrangement shown in Fig. 40. Since the wind stress in one of the diagonals is 
3,520 lb., and that in the other is zero, as given in Table 10, the bearing block must 
be notched into the chord member in order to hold the diagonals in place. A 
force diagram will show that the component of the wind stress parallel to the chord 
member is 2,380 lb. For an allowable bearing of 1,800 Ib. per sq. in., the bearing 


= 12.9 sq. in. Therefore, as shown by the above calculations, the 


area required is ra = 1.38 sq. in. If the bearing block is made the full 
1.38 


width of the chord member, a notch ee 0.251 in. deep is required. As 
shown in Fig. 40, a 14-in. notch is provided, for a shallower notch would not be 
effective. 

Figure 41 shows a design for joint g in which steel side plates and bolts are used. 
The design of this joint consists in the determination of the number and size of 
bolts; the determination of the size of the side plates; and the spacing of bolts 
required to maintain safe shearing stresses in the timber. 

If the thickness of the side plates be assumed as 4 in., the loading conditions 
for a bolt are as shown in Fig. 41 (6). The total moment to be carried by all of the 
bolts is 10,650 X 114 = 15,975 in.-lb. From the table of safe bending moments 
on pins for an allowable fiber stress of 24,000 lb. per sq. in., the safe bending 
moment is 2,350 in.-lb. for a 1-in. bolt, and 3,350 in.-lb. for a 1}¢-in. bolt. There- 
fore, seven 1-in. bolts, or five 11¢-in. bolts are required. To secure a compact 
joint, five 1}¢-in. bolts willbe used. Before this number of bolts is finally adopted, 
the bearing pressure exerted by the bolts on the timber and on the steel side 
plates must be examined. For an allowable working bearing value of 1,200 lb. 


per sq. in. for bolts bearing on the timber, the area required for each bolt is 
21,300 
5X 1.200 = 3.53 sq.in. The bearing value provided by a 1\-in. bolt is 5.5 X 


1.125 - 6.19 sq. in. For the side plates, the allowable bearing value on the steel 
plate is 24,000 Ib. per sq. in., and the bearing area required for each bolt is 
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oe = 0.178 sq. in. The bearing area provided by two 34-in. side plates 
on each bolt is 2 X 1.125 X 0.25 = 0.56 sq. in. As the assumed bolts are safe 
in bending and bearing, they will be adopted. 

Figure 41 (a) shows the arrangement of the bolts. Net areas on sections x-a 
and y-y must be investigated before this arrangement is adopted. At section 
ARO = 12.9 sq. in. Assuming that the bolts 
fit the holes exactly, the net area of the chord member at section z-x is (5.5 — 
1.125) 5.5 = 24.1 sq. in. At section y-y, the stress in the chord member is 44 X 
21,300 = 17,050 lb.; the net area required is ee = 10.32 sq. in., and the 
net area provided is (5.5 — 1.125 X 2)5.5 = 17.9sq.in. The net areas provided 
are therefore sufficient. 

The distance between bolts, and the distance between the end of the chord 
member and a bolt is determined by the shear area required to develop a resis- 
tance equal tothe loadonabolt. From Fig. 41 (a), the required distance between 

21,300 oleae 
BX0:5 M' 2K TSO 
in. As shown in Fig. 41(a), the adopted bolt spacing exceeds the required 
spacing. The adopted spacing was used in order to avoid interference between 
the first set of bolts and the bearing block for the 
diagonal members. Six-inch spacing was adopted 
for the other bolts in order to secure a neat look- 
ing joint. All of the details of the bearing block 
for the diagonal members and washer for the \ 
vertical tension rod are the same as shown on Fig. 


x-x, the net area required is 


bolts for a shearing stress of 240 lb. per sq. in. is 


Joint Details for Trusses with Built-up Members.—In some cases truss members 
are made of built-up members composed of planks placed side by side and bolted 
together to act as a single piece, as described in Art. 26 for the top and bottom 
chord members of the truss under discussion in this chapter. Joint details for 
such members can be made up along the same lines as those given above for mem- 
bers composed of single sticks. In any case, it is well to provide excess bearing 
areas at all points in order to allow for possible defects in workmanship and in 
materials, due to the fact that the bearing surfaces are composed of several parts 
which must work together, each taking its proportion of the total load. 
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Figure 42 shows arrangements of built-up joint details for jointsaandd. In 
Fig. (a) is given adetail for jointa. A designis given in Art. 26 fora bottom chord 
member composed of five 2 X 8-in. plank. A top chord section of the same size 
will also be used in this detail. As shown in Fig. (a), three of the top chord plank 
and two of the lower chord plank are cut away, and the remaining pieces are fitted 
together to form a joint. The parts are held together by means of bolts which 
can be designed by the methods given in the section on Splices and Connections— 


Joint b 


Fid> 43. 


Wooden Members, in the volume on “Structural Members and Connections.” 
Figure (b) shows a form of joint for the apex of the truss. 

Details of Purlin Connections.—In Art. 7 there is given a general description 
of the forms of purlin connections in general use. For the truss under consider- 
ation, a strap hanger of the form shown in Fig. 6 (b) of the above-mentioned article 
will be used. Standard sizes of strap hangers are given in trade catalogues, from 
which it will be found that a 3 X 3¢-in. strap is required for a 6 X 8-in. purlin. 

It will be assumed that the purlin is to be placed with its lower edge on the 
same level as the lower face of the top chord member. Since the purlin as 
designed in Art. 24isa 6 X 10-in. section, actual depth 914 in., and the top chord 
member, as designed in Table 11 of Art. 26,isa6 X 6-in. section, actual depth 54% 
in., the purlin projects 4 in. beyond the top of the chord member, as shown in 
Fig. 43 (a). The 3 X 3¢-in. strap hanger is held in position on the chord member 
by lag screws. In locating the purlin at joint b, it is desirable that the purlin be 
placed with its center at the intersection of the center lines of the truss members. 
It may not be possible in all cases to do this, because of interference between the 
washer and the strap hanger. The purlin will be placed as close to the desired 
position as the conditions will permit. 

Figure 43 (b) shows a detail for joint d, the apex of the truss. A single purlin of 
the same size as for joint bis used at joint d. The purlin at dis placed in a vertical 
position and is held in place by a strap hanger which is supported by blocks 
fastened to the chord member by means of lag screws. 

The designs for joint a shown in Figs. 34 to 38 can be arranged without the use 
of apurlin. In place of a purlin the masonry can be built up between the trusses, 
and a wall plate provided on which the rafters are seated. If a purlin is desired 
at this point, a detail can be used of the form shown in Fig. 6 (d), p. 138. 

28. General Drawing and Estimated Weight.—In Fig. 44 there is shown a 
general drawing of the truss designed in the preceding articles. It will be noted 
that the joints shown on this drawing are made by notching one member into 
another, and that the structure is practically an all-wood construction. These 
details were shown because they are of the type generally used for wooden 
trusses, and because they are readily designed, easily constructed, and a thor- 
oughly practical, reliable structure is obtained, when such details are used. 
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An approximate estimate of weight will be made for the truss shown on Fig. 
44 in order to check up on the dead weight estimated by the formula of Art. 23 
and used in the calculation of stresses in Art. 26. In estimating weights, it was 
assumed that Western hemlock weighs 3 lb. per ft. board measure, and that 
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steel and cast iron weigh 490 Ib. per cu. ft. Weights of steel rods were taken 
from the steel handbooks. 

The total weight of the trusses was found to be 1,695 Ib., divided as follows: 
Main members, 1,350 lb.; steel rods, 80 Ib.; plate and cast washers, 100 lb.; 
bolts and dowel pins, 75 lb.; and strap hangers, 90 Ib. Since the span is 50 
ft., and the distance between trusses is 16 ft., the horizontal covered area per truss 
is 50 X 16 = 800sq. ft. The actual truss weight per sq. ft. of horizontal covered 
area is then i = 2.12 lb. From Art. 25 the weight as estimated by for- 
mula is 2.42 lb. per sq. ft. of covered area. The estimated weight is therefore 
about 14 per cent in excess of the actual weight. However, as brought out in the 
discussion on dead weight formulas given in the chapter on Roof Trusses—Gen- 
eral Design, this difference between actual and estimated weight is not great 
enough to warrant a recalculation of the dead load stresses. The design as given 
in the preceding articles will therefore be considered as final. 


DETAILED DESIGN OF A STEEL ROOF TRUSS 


29. General Conditions for the Design.—A complete design will be made of 
the steel roof trusses for a building with masonry side and end walls. It will be 
assumed that the layout of the building, as determined by other considerations, 
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is as shown in Fig. 45. A roof covering consisting of wood shingles on plank 
sheathing will be used. The structure will be assumed as located in the Central 
States. It will be designed for a minimum load capacity of 40 lb. per sq. ft. 
Trusses today are frequently designed with working stresses for steel of 18,000 
or 20,000 lb. per sq. in. on the uet section of tension members, and 17,000 — 
2 


0.485 5 lb. per sq. in. on the gross section of compression members with values of 


l 
Snot greater than 120, and aoe re ge for values of : greater than 120. Corre- 


spondingly higher stresses are used for rivets, both shop and field rivets having work- 


let 13! ing stresses of 15,000 lb. per sq. in. for shear, 
ey ara ae 32,000 lb. per sq. in. for bearing (single shear) 
bee] X1 sides |X [zm and 40,000 Ib. per sq. in. (double shear). 
Rs “al 
AS 


For the following design the working stresses 
Fra. 45. pression members (J = unbraced length of 


for steel will be 16,000 lb. per sq. in. on the 
member in inches, and r = least radius of gyration of section in inches). The 


net section of tension members, and 16,000 — 


l j : 
70 : Ib. per sq. in. on the gross section of com- 


- l : 
limiting slenderness ratio for compression members will be, = 125 for main mem- 


bers and ; is 150 for bracing. Comparative designs involving other working 


stresses may be made by simply substituting the proper values in place of those 
used here. It will be assumed that the trusses are not exposed to moisture or 
corrosive gases, so that the minimum thickness of material can be taken as 44 in. 
All members carrying calculated stress will be made of two angles, the member 
and joint details to be arranged according to the discussion given in the chapter 
on Roof Trusses—General Design. 

Rivets will be taken as 34 in. in diameter, and rivet holes will be punched 1, 
in. larger than the rivet diameter. In calculating net areas of tension members 
the diameter of rivet holes will be taken 1 in. larger than the rivet, or 7% in. 
Working values for shop rivets will be based on 10,000 lb. per sq. in. for shear, 
and 20,000 lb. per sq. in. for bearing; corresponding values for field rivets will be 
7,500 and 15,000 Ib., respectively. 

The smallest angle leg which will hold a 34-in. rivet is usually taken as 214 
in. Where an angle leg does not contain rivets, a 2-in. leg can be used. No 
reduction in section area will be made where angles are connected by one leg only, 
except the usual reduction for rivet holes. 

Working stresses for wooden sheathing will be taken as 1,000 lb. per sq. in. 
for bending. The bearing on masonry walls will be 200 lb. per sq. in. Purlins 
will be made of rolled steel sections. To avoid excessive deflection, the adopted 
section will be limited in depth to 14 of the span. 

30. Type and Form of Truss.—The type and form of truss to be used, and 
the spacing of the trusses will be determined by a consideration of the principles 
outlined in the chapter on Roof Trusses—General Design. As a shingle roof is 
to be used, the minimum desirable roof pitch is 14. This is also the pitch which 
will result in the most economical structure. It will therefore be adopted. 
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From Fig. 45, the distance between walls is 49 ft. If it be assumed that the 
end bearing plates are to be 12 in. long, the effective span will be 50 ft. Since 
the adopted pitch is 14, the height of the truss will be 594 = 12.5 ft., as shown in 
Fig. 46. The length of the top chord member is (25? + 12.52) = 28 ft. If the 
top chord members be limited in length to about 8 ft., it will be necessary to divide 
the top chord into four parts, each 284 = 7 ft. long. From Fig. 4, p. 182, a 
convenient form of truss is offered by the compound Fink truss of Fig. (b), or by the 
four-panel Pratt truss of Fig. (k). Of these two forms of trusses, it will be found 
that for points near the center of the span the Fink truss can be made up with 
shorter members than those needed for the Pratt truss. As shown by the 
tables of stress coefficients given in the volume on “‘Stressesin Framed Structures,” 
the stresses in the members of the Fink truss are a little larger than those in 
the Pratt truss. Everything considered, 
however, it seems best to use the Fink 
type, as shown in Fig. 46. 

The economical spacing of trusses, as 
given in Art. 4, is about 14 of the span 
length, or in this case, 12.5 ft. From 
Fig. 45, the distance of end walls is 90 ft. 
If the truss spacing be made 15 ft., there 
will be 6 bays and 5 trusses required. 
Where 7 bays are used, the truss spacing will be about 13 ft. As economical 
conditions favor long truss spacing, the arrangement shown in Fig. 45 will be 
adopted. 

31. Loadings.—As stated in Art. 29, the structure is supposed to be located 
in the Central States. The snow load for this region, as given in the table in 
Art. 16, is 20 Ib. per sq. ft. of roof surface. For this section of the country, the 
unit wind pressure is generally taken as 30 lb. per sq. ft. on a vertical surface. 
From the table of wind pressures given in Art. 15, the intensity of normal pressure 
on a one-quarter pitch roof is 22.4 lb. per sq. ft. of roof surface. 

The dead weight of the truss will be estimated by means of one of the weight 
formulas given in Art. 14. From the Carnegie Handbook formula, for 40-lb. 
capacity, the weight is given as 

0.2(,/50 + 0.125 X 50) = 2.7 lb. per sq. ft. of horizontal covered area. 
Assuming the weight of the bracing to be 0.8 lb. per sq. ft., the total dead weight 
of truss and bracing will be 2.7 + 0.8 = 3.5 lb. per sq. ft. of horizontal covered area. 

The weight of the roof covering can be estimated from the table given in Art. 
13. Shingles weigh about 3 lb. per sq. ft. of roof, and the sheathing, which will 
be hemlock, will weigh about 3 Ib. per sq. ft. of roof per in. of thickness. 

32. Design of Sheathing.—The thickness of the sheathing can be determined 
from Table 2, p. 136. Thus for a roof of 40-lb. capacity, as assumed in Art. 29, 
Table 2 shows that for a slope of 6 in. per ft., which corresponds to one-quarter 
pitch, the limiting span of 1-in. sheathing is 6.84 ft. for a fiber stress of 1,000 Ib, 
per sq. in. This is but slightly less than the distance between top chord panel 
points, as shown in Fig. 46. The value given above is the limiting span for bend- 
ing, as deflection is not limited for shingle roofs. Although material ] in. thick 
can be used for sheathing as far as stress conditions are concerned, it is not con- 
sidered good practice to use such thin material for long spans. It is advisable 
to use 2-in. material, which will be adopted. 


Fie. 46. 
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A more exact design of the sheathing can be made by considering the combina- 
tions of loads acting on the sheathing. These combinations are similar to those 
mentioned in Art. 17. They are: (a) dead load and snow load; (b) dead load, 
minimum snow load, and maximum wind load; and (c) dead load, maximum snow 
load, and minimum wind load. The dead load is the weight of the shingles and 
of the sheathing, which will be assumed to be 2 in. thick. At 3 lb. per ft. B. M., 
the sheathing weighs 6 lb. per sq. ft. of roof. From Art. 31, the maximum wind 
and snow loads are respectively 22.4 and 20 lb. per 
sq. ft. of roof surface, the wind load acting normal 
to the roof and the snow load acting vertical. 
Minimum snow load will be taken as one-half of 
the maximum, and minimum wind load will be 
taken as one-third of the maximum. 

The allowable fiber stress for the sheathing 
will be taken as 1,000 lb. per sq. in. As mentioned 

Hiae An in Art. 15, the wind load is an occasional loading 

and the working stresses can be modified accord- 

ingly. It will be assumed that the working stress for wind loading, when 

combined with stresses due to direct loading, is increased 50 per cent. This 

can be taken into account by reducing the wind load by !}4—that is, by using a 

unit wind load of 20 lb. per sq. ft. The normal load for a roof of }4 pitch is then 

14.9 lb. per sq. ft. This load can be combined with those for dead and snow load, 
and a working stress of 1,000 lb. per sq. in. applied to the resulting moment. 

In designing the sheathing, it will be assumed to act as a beam supported by 
purlins placed at the top chord joints of the truss. As shown in Fig. 46, the pur- 
lins are spaced 7 ft. apart. Since the sheathing is continuous over the purlins, it 
will be assumed that the maximum moment is given by the formula M = 14 ywl?. 
The loads will be resolved into components perpendicular and parallel to the 
sheathing. It will be assumed that the moment to be carried by the sheathing 
is due to the normal loads; the effect of components parallel to the sheathing will 
be neglected. 

The total vertical load for the combination of case (a) is 3 lb. for shingles, 6 
lb. for sheathing, and 20 lb. for snow, a total of 29 lb. As shown in Fig. 47, the 
roof surface forms an angle of 26 deg. 34 min. with the horizontal. The compo- 
nent perpendicular to the roof is then 29 X cos 26 deg. 34 min = 29 X 0.895 = 
25.9 lb. per sq. ft. of roof. For case (b), which is shown in Fig. 47, the vertical 
load is 3 lb. for shingles, 6 lb. for sheathing, and 10 lb. for minimum snow load; 
a total vertical load of 19 lb., for which the component perpendicular to the roof is 
19 X 0.895 = 17 lb. The wind load normal to the roof is 14.9 lb. Hence the 
total normal load is 17.0 + 14.9 = 31.9lb. Inthe same way it will be found that 
the total normal load for case (c) is 30.9lb. Case (b) therefore gives the maximum 
normal component. 

The maximum moment to be carried by the sheathing due to the normal loads 
is then M = }4qul? = Mo X 31.9 X 7? X 12 = 1,875 in-lb. Fora rectangular 


section the fiber stress is given by the formula f = ae = ae Considering a 


section of sheathing 1 ft. wide and 2 in. thick, we have 
p= &X1875 


12x2x2> 234 Ib. per sq. in. 
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As the allowable fiber stress is 1,000 Ib. per sq. in., the sheathing is stronger than 
necessary. To conform to the general practice, the assumed sheathing will be 
used. : 

33. Design of Purlins.—Purlins are designed by the methods outlined in the 
chapter on Design of Purlins for Sloping Roofs. As the sheathing is quite rigid, 
it will be assumed that the purlins carry only the components of loads perpendicu- 
lar to the roof surface. The combinations of loading will be the same as for the 
design of the sheathing. From the preceding article the maximum component 
of normal loads is 31.9lb. To this must be added the weight of the purlin, which 
will be assumed to be 1.3 lb. per sq. ft. normal to the roof. The total normal load 
is then 31.9 + 1.3 = 33.2 lb. Since the trusses are spaced 15 ft. apart, the area 
carried by a purlin is 7 X 15 = 105 sq. ft. of roof surface. The total uniformly 
distributed load for a purlin is then 33.2 X 105 = 3,486 lb., and the moment 
to be carried, assuming the purlin to be a simple beam between trusses, is M = 
Y4WIl = k X 3,486 X 15 X 12 = 78,500 in-lb. For an allowable working 
= e000 = 4.9 in.*. From the 
handbooks, this is furnished by a 7-in. 9.8-lb. channel. The true weight of this 
cos 26° 34’ 

7 


= 1.25. This is so close to the assumed value that the calcula- 


stress of 16,000 lb. per sq. in., the required * 


section, in lb. per sq. ft. normal to the roof surface, is 9.8 X 


= 9.8°X ais 
tions will not be revised. 

34. Determination of Stresses in Members.—The stresses in the truss mem- 
bers are to be determined for the same combinations of loads as used for the design 
of the sheathing and the purlins. Two general methods of calculation can be 
used. In the first method, the dead and snow loads are taken as vertical forces 
and the wind load is considered as acting normal to the roof on the windward 
side. In the second method of calculation, dead, wind, and snow loads are repre- 
sented by a uniform vertical load acting over the entire roof surface. As stated 
in Art. 17, this second method of calculation can be applied to trusses of the Fink 
type. The stresses thus obtained are practically the same as those obtained by 
the first method of calculation. While the first method probably more nearly 
approximates the actual conditions, the second method results in a considerable 
saving of.time spent in stress calculation. For the truss under consideration 
both methods of calculation will be carried out and the results compared. 

The first step in the calculation of the stresses in the members is the deter- 
mination of the panel loads. In the first method of calculation outlined above it 
will be found best to determine the panel loads due to dead, snow, and wind loads 
separately. The resulting stresses can then be determined and the proper 
combinations made up to determine the maximum stress. 

As stated in Art. 32, the dead weight of the shingles and sheathing is a vertical 
load of 9 lb. per sq. ft. of roof surface. Since the purlins are spaced 7 ft. apart, 
and the trusses are 15 ft. apart, the roof area per panel is 7 X 15 = 105 sq. ft. 
The dead panel load due to the roofing is then 9 X 105 = 945 1b. To this must 
be added the weight of the purlin and the estimated weight of the truss. From 
Art. 33, the adopted purlin is a 7-in. 9.8-Ib. channel. As the weight of one 15-ft. 
purlin is carried to each top chord panel point, the dead load due to the purlin 
is 9.8 X 15 = 147.0 lb. From Art. 31, the estimated weight of the truss and 
bracing was found to be 3.5 lb. per sq. ft. of horizontal covered area. As the span 


196 STEEL AND TIMBER STRUCTURES [Sec. 2-34 


is 50 ft., and since there are 8 roof panels, the horizontal covered area per panel is 
15 X 50¢ = 93.75 sq. ft. The panel load due to the weight of the truss and 
bracing is then 93.75 X 3.5 = 328.1 lb. Adding together these partial panel 
loads, the total dead panel load is: 945.0 + 147.0 + 328.1 = 1420.1 Ib. A 
panel load of 1,420 Ib. will be used in the calculation of dead load stresses. 

The stresses in the truss members due to the dead panel load can be deter- 
mined by the usual methods of stress calculation or by means of the tables of stress 
coefficients given in the volume on ‘‘Stresses in Framed Structures.” Column 
1 of Table 12 gives the calculated dead load stresses. 

From Art. 31, the snow load is a vertical load of 20 lb. per sq. ft. of roof surface. 
Since the roof area per panel is 105 sq. ft., the snow panel load is 20 K 105 = 
2,100 lb. The stresses due to this panel load can be determined by the methods 
outlined above for the dead load stresses. As the panel loads for dead and snow 
load are both vertical and are applied at the same points, the snow load stresses 
can be determined by ratio from the dead load stresses as given in col. 1 of Table 
12. Thus if the dead load stresses be multiplied by the ratio of snow and dead 
panel loads, the resulting stresses will be the required snow load stresses. For the 


F ‘ A . 2,100 
truss under consideration, the ratio of snow and dead panel loads is 7.420 = 1.48. 


This ratio can be set off on a slide rule and the stresses calculated with suffi- 
cient accuracy for all ordinary cases. The snow load stresses for the truss under 
consideration are given in col. 2 0f Table 12. To assist in making up the combined 
stresses there is also given in col. 3 of Table 12 the stresses due to one-half of the 
maximum snow load. 

The wind pressure on the roof surface of a one-quarter pitch roof due to a unit 
pressure of 30 lb. per sq. ft. is given in Art. 31 as 22.4 lb. per sq. ft. Where the 
working stress for wind is increased 50 per cent over that used for dead and snow 
loads, as in the case under consideration, the change can be made by a reduction 
in the intensity of the wind pressure corresponding to the increase in working 
stress. Since the working stress for wind is 34 of that for the other loads, the 
intensity of the wind pressure can be taken as 24 of the value given for a 30-lb. 
unit pressure. A uniform working stress of 16,000 Ib. per sq. in. can then be 
used for all loadings. 

The normal wind load per sq. ft. of roof corresponding to a working stress of 
24,000 Ib. per sq. in. is 2g X 22.4 = 14.9 lb. As the area of the panel is 105 sq. 
ft., the wind panel load is 14.9 X 105 = 1,565 Ib. The resulting stresses are 
calculated by the usual methods, or by means of the wind stress coefficients given 
in the volume on “Stresses in Framed Structures.” In calculating the wind stresses 
it will be assumed that one end of the truss is fixed and that the other end is 
supported on a smooth plate on which it is free to slide. As it is generally 
assumed that the frictional resistance between smooth plates is zero, the reaction 
at the free end is vertical. The assumed end conditions are covered by Cases 
I and II of the wind stress coefficients for the Fink truss. The calculated wind 
stresses for wind on the left side of the truss are given in col. 4 of Table 12. In 
col. 5 the stresses for one-third wind load are given. 

The combinations of dead, snow, and wind load stresses for maximum stresses 
in the truss members are the same as given in Art. 32 for the design of the sheath- 
ing. These combinations are: (a) dead load, one-half snow load, and maximum 
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wind load, and (b) dead load, maximum snow load, and one-third wind load. 
The maximum stresses for case (a) are given in col. 7 of Table 12. They are 
obtained by adding the values given in cols. 1, 3, and 4. Values for case (b) are 
given in col. 8. They are obtained by adding values given in cols. 1, 2, and 5. 

Maximum stresses as determined by the second method of calculation out- 
lined above are given in col. 9 of Table 12. The vertical uniform load which is to 
represent the combined effect of wind and snow can be taken from Table 9, p. 151. 
For a roof of one-quarter pitch located in the Central States, the load is given as 
25 lb. per sq. ft. of roof surface. The equivalent load can also be estimated from 
the values for wind and snow given in Art. 31. To estimate this load, assume that 
the vertical component of the wind is combined with the snow load in the same 
manner as for maximum stresses in the first method of calculation. The vertical 
component of the wind load is 14.9 X cos 26° 34’ = 13.4 lb. per sq. ft. of roof. 
If one-half of the snow load of 20 lb. per sq. ft. of roof be added to this load, there 
is obtained an equivalent load of 23.4 lb. For maximum snow and one-third 
wind the combined load is 14 X 13.4 + 20 = 24.4 lb. These values compare 
very well with the load of 25 lb. taken from the above mentioned table. 


TasBLe 12.—Srresses IN MEMBERS 


D.L. 
Wind Wind 8.L. | maximum| Uniform 
hare ge cack from ud from 2 g.L. and| vertical 
Men- iad ae . left right | and max. Ww loading 
ber W 3 
1 2 3 | 4 | 5 | 6 | 7 8 | 9 

ab —11,120| —16,450| —8,225| —7,050) —2,350| —3,920| —26,395) —29,920| —31,660 
be —10,490| —15,500) —7,750| —7,050) —2,350) —3,920| —25,290) —28,340) —29,850 
cd — 9,840] —14,550| —7,275| —7,050| —2,350| —3,920| —24,165| —26,740| —28,040 
de — 9,210! —13,640| —6,820| —7,050| —2,350| —3,920) —23,080) —25,200) —26,230 
of } — 1,270} — 1,880) — 940) —1,565) — 522 0} — 3,775} — 3,672; — 3,620 
dh 
cg — 2,540] — 3,760) —1,880} —3,130| —1,043 0} — 7,550| — 7,343) — 7,240 
af + 9,940) +14,700] +7,350| +8,750| +2,920| + 688) +26,040) +27,560) +28,315 
to + 8,520) +12,600] +6,300) +7,000) +2,334) + 688] +21,820) +23,454) +24,270 
gk + 56801 + 8,410] +4,205} +3,500) +1,167) + 688! +13,385| +15,257) +16,180 
fe } + 1,420} + 2,100} +1,050) +1,750) + 583 O| + 4,220) +4 ,103) + 4,045 
ch 
gh + 2,840) + 4,200] +2,100) +3,500) +1,167 0| + 8,440} + 8,207) + 8,090 
he + 4,260} + 6,300) +3,150| +5,250} +1,750 0} +12,660; +12,310) +12,135 


+ = tension. — = compression. 
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The panel load for equivalent vertical loading is determined by adding to the 
panel load for the above load, the dead panel load as given above. As the area 
of the roof panel is 105 sq. ft., the panel load for combined wind and snow is 
25 X 105 = 2,625 1b. The dead panel load, as given above, is 1,420 lb., and the 
total panel load is 1,420 + 2,625 = 4,045 lb. Column 9 of Table 12 gives the 
resulting stresses, which were calculated from the dead load stresses of col. 1 by 


4,045 j . 
means of the ratio of panel loads, 1 420 = 2.845, which was set off on a slide rule 
’ 


and the stresses read directly. 

In some cases it is also specified that the roof shall be designed for a load 
capacity of not less than 40 Ib. per sq. ft. of covered area. The specified capacity 
depends upon the service conditions and with the location of the structure, vary- 
ing from 30 to 60 lb. For the truss under consideration, the panel load will be 
40 X 93.75 = 3,750 lb. Since this panel load is less than the one used for the 
calculation of the stresses given in col. 9 of Table 12, the resulting stresses will be 
smaller than those given in col. 9. In some cases these stresses may exceed the 
others, in which case they will determine the design. 

Comparing the stresses obtained by the two methods of calculation, as given 
by cols. 7 and 8 for the first method, and by col. 9 for the second method, it will 
be found that, for top and bottom chord members, the stresses given by col. 9 
are a little larger than those given in either col. 7 or 8, and that the stresses in the 
web members are almost identical in cols. 7, 8, and 9. The second method of 
calculation therefore gives practically the same results as the more exact first 
method. The stresses given in col. 9 will be used as the maximum stresses for 
the design under consideration. 

35. Design of Members.—The conditions for the design, as stated in Art. 29, 
contain the following references to working stresses: tension, 16,000 lb. per sq. in. 


on the net section; compression, (16,000 — 70.) lb. per sq. in. on the gross 


section, : not to°exceed 125. The minimum thickness of material is given as 


j in. All members carrying calculated stress are to be made up of two angles. 
Design methods for tension and compression members are given in the volume on 
“Structural Members and Connections.’’ 

In making up truss members such as the top and bottom chord, which are 
continuous over several panels, it is the usual practice to design the member for 
the section of maximum stress, and to use the same section for the entire member. 
This is good practice, for it will probably be found that if the sections are changed 
to fit the stresses and splices made at each joint, the cost of the shop work on these 
splices will exceed the cost of the excess material required for continuous members. 

Trusses of small size can generally be shipped in one piece. All joints can be 
riveted up in the shop and the truss erected as a unit in the field. The limiting 
dimensions of fully riveted trusses are governed by the methods of transportation. 
It is generally specified that a truss or girder, which is to be shipped by train, must 
have one dimension not exceeding from 10 to 12 ft. Trusses with a greater least 
dimension than that mentioned must be broken up into smaller parts. The truss 
under consideration in this design will have a total height, which is its least dimen- 
sion, of about 13 ft. It must then be broken up into smaller parts. For trusses 
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of the type under consideration, it is usual to provide field splices at joints g, e, 
and k of the truss diagram of Fig. 46. The least width of the pieces thus formed 
will be the distance along member c-g, which is about 8 ft. Continuous members 
will then be used for the top chord member a to e; the bottom chord from a to g; 
and the diagonal from g to e. Member g-k will be shipped as a single piece. 

Design of Tension Members.—The maximum stress in the bottom chord mem- 
ber from a to g occurs in the section a-f, where the stress is 28,315 lb. For a work- 
ing stress of 16,000 lb. per sq. in., the required net area is oa = 1.77 sq. in. 

) 

An angle must now be selected whose net area—that is, the area of the sec- 
tion minus the area of the rivet holes—will provide the required area. As 
stated in Art. 29, the rivets are to be 34 in. in diameter, and the rivet holes are 
to be made }¢ in. larger, or 7 in. The area to be subtracted from the gross area 
of the section in determining net area is then the thickness of the material multi- 
plied by 7%. The number of rivet holes to be subtracted from each angle in the 
determination of the net areas depends on the type of end connection used for 
the member in question. When an angle is connected by both legs, the area of 
two rivet holes should be deducted from each leg so connected, or the distance 
between the rivets in the two legs of the angle should be made such that it will 
be necessary to deduct but one rivet hole. Tables of limiting spacing for this 
condition are given in the section on Splices and Connections—Steel Members 
in the volume on “Structural Members and Connections.” 

Figure 54 shows the details of joint a as adopted for this design. The bottom 
chord member is shown as connected by one leg. One rivet hole will then be 
deducted from each angle. Assuming two 244- X 244- X 14-in. angles, whose 
gross area as given by the handbooks is 2 X 1.19 = 2.38 sq. in., and deducting 
one rivet hole from each angle, or a total of 2 K 7% X 4 = 0.44 sq. in., the net 
area of the two angles is 2.38 — 0.44 = 1.94sq.in. As given above, the required 
area is 1.77 sq. in. The assumed section is therefore ample, and will be adopted. 

Member f-g will be made the same as a-f. From Fig. 53, it will be noted that 
the member is connected by both legs. Assuming two rivet holes deducted from 
each angle, the net area of the section is 2.88 — 4 X 0.22 = 1.50 sq. in. As 


. 24,270 ; ; 
shown in Table 13, the required net area is 16.000 = 1.52 sq. in. Since the net 
) 


area for two rivets deducted from each angle is practically the same as the 
required area, the rivets can be spaced as desired. If the proper area is not 
provided in any case, either larger angles must be assumed, or the distance 
between the rivets in the two legs of the angles must be such that only one rivet 
hole need be deducted from each angle in determining net areas. 

Figure 55 shows another design for the joint at a. It will be noted that mem- 
ber a-f has rivets in both legs. Deducting four rivet holes from the assumed 
section, the net area is found to be 2.38 — 0.88 = 1.50 sq. in. The assumed 
section is too small. It will be found that a 2144 K 244 X 5{¢-in. angle will 
provide the required area. However, this section is somewhat heavier than the 
lightest of the 3-in. sections. If a3 214 X 14-in. angle be assumed, it will be 
found that the net area with two holes deducted from each angle is 2 (1.81 — 2 X 
0.22) = 1.74 sq. in., which is sufficient. This section would be adopted if the 
design of Fig. 55 were used. 
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Members g-h and h-e are made continuous. Table 13 shows that 244- X 2- X 
14-in. angles are used. These angles provide considerable excess area, but from 
the conditions of the design, as given in Art. 29, they are the minimum allowable 
angles. The remaining tension members are designed by the methods explained 
above. Table 13 contains all data in convenient form. 

Design of Compression Members.—Compression members are designed by cut- 
and-try methods. That is, a section is assumed, the allowable working stress 
calculated from the column formula, the required area determined, and the 

required and provided areas compared. The assumed 
et section is adopted if the area provided is equal to that 


. ——xX required. It is not always possible to obtain an exact 
Sy \\22-324348" fit, but the two areas should not differ any more than is 
eS necessary. If the assumed section is insufficient, or if it 
a provides excess area, the process must be repeated until 

Fia. 48. 


the desired agreement is obtained. Gross or total section 
areas are used in the design of compression members; rivet holes are not 
deducted, as in the case of tension members. 

The top chord will be made continuous from a to e. As shown in Table 13 
the maximum stress, which is 31,660 lb., occurs in member a—). Assume two 
314- X 3- X 54,¢-in. angles, placed as shown in Fig. 48. Since the allowable 
working stress depends on the ratio of length to least radius of gyration, the 
angles should be so placed that the radii of gyration for the axes OX and OY of 
Fig. 48 will be as large as possible, and also, the radii for the two axes should 
be as nearly equal as the conditions will permit. In this way a member is 
secured which has the same rigidity in all directions. This condition can best 
be realized by the use of angles with unequal legs placed with the longer legs 
back to back. In Fig. 48 the angles are shown separated by a small space. This 
is done to make room for the gusset plates at the joints, as explained in the 
chapter on Roof Trusses—General Design. For trusses of the size under consid- 
eration,‘a 3¢-in. space is ample. 

The radii of gyration for angles placed as shown in Fig. 48 can be found in 
tables given in the steel handbooks. From such tables it will be found that the 
radii are 1.10 in. for axis OX and 1.35 in. for axisOY. From Table 13 the length 


of member a-b is 84 in. Hence the ratio of length to least radius of gyration is 
l 84 Prat ‘ : 
Rokk ili tea 76.4. Substituting this value of : in the column formula of 


Art. 29, the allowable working stress is 16,000 — 70. = 16,000 — 70 X 76.4 = 


31,660 


10,650 Ib. per sq. in. The area required is 10.650 ~ 2.97 sq. in. From the 


steel handbooks, the area of the assumed angles is 2 X 1.93 = 3.86 sq. in. 
The assumed section is a little too large, but no other section of less weight per 
foot could be found that would bring a closer agreement between required and 
provided areas. It was therefore adopted. 

The top chord design as given above applies to members carrying compression 
only. If the purlins are placed between the panel points, the top chord acts as 


a beam as well as a compression member. Design methods for this condition 
are given in Art. 39. 
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Table 13 gives the design data for the other compression members. The 
design methods used are exactly the same as those given above for member a-b. 
Sections of minimum size were adopted, consisting of two 244- X 2- X 14-in. 
angles with the longer legs separated by a 3¢-in. space. 


TasBLE 13.—DeEsiGN or MEMBERS 


¥ , Area provided 
Mem-| Stress 1 r on: Section 
A ‘ l/r (Ib. per | required : 
ber (Ib.) (in.) | (in.) doa. int (in.) Gross Net 
(sq. in.) | (sq. in.) 
ab |—31,660| 84] 1.10! 76.5) 10,650] 2.970] 28 3%X3 xX Ke 3.86 
be —29,850| 84 |:1.10| 76.5) 10,650) ..... 28 3%X3 X He 3.86 
cd |—28,040; 84 | 1.10! 76.5} 10,650] ..... 28 34X38 X M46 3.86 
de —26,230} 84 {| 1.10) 76.5) 10,650] ..... 28%34%X3 xX Ke 3.86 
bf-dh |— 3,620} 42 | 0.78) 53.9) 12,230 0.296}; 282%x2 xX 2.12 
cg — 7,240) 84 | 0.78] 107.8 8,460 0.837 |2t2%x2 x\ 2.12 
af = 28 SEDU ooo Ns occ) maioes 16,000 Load, 2824%x*24%x% 2.38 1.94 
fo +24,270|] .. PAaeE Bes 16,000 1.52 2824%x*2u%x\% 2.38 1.50 
gk +16,180/ .. awol eee ss 16,000 1.01 28 24%X24%x\% 2.38 1.50 
fe-ch |+ 4,045) .. “or eee 16,000 0.252|/2%24%x2 x 2.32 1.68 
gh + 8,090) .. eee eee 16,000 0.504 | 28% 24%X2 xX\% 2.12 1.68 
he +12,135) .. ead ae 16,000 0.759|2t%24%x*2 xi 2.12 1.68 
| 
+ = tension. — = compression, 


36. Design of Joints.—The general principles of joint design are given in the 
chapter on Roof Trusses—General Design, and in the section on Splices and 
Connections—Steel Members, in the volume on ‘Structural Members and Con- 
nections.” Well-designed joints are just as important as well-designed members. 
To secure good joint design, a few fundamental principles of design must be 
observed. The center lines of all members entering a joint must intersect at a 
common point. If the conditions are such that this can not be done provision 
must be made for the additional stresses due to joint eccentricity. All stresses 
should be traced through the joint, and proper connections made between all 
parts. Typical joint details are given in the chapter on Roof Trusses—General 
Design. 

In trusses of the size under consideration in this design, the angles are usually 
connected to the gusset plates by means of rivets through one leg only, as shown 
in Figs. 49 to 55 inclusive. Theoretically, this is not good practice, for all of the 
stress is transferred to the gusset plate through one angle leg, resulting in excess 
local stresses. However, in small trusses the members generally contain more 
area than required for stress conditions, which assists in carrying the excess 
stresses. In larger trusses lug angles are riveted to the gusset plate and to 
the outstanding legs of the angles, thereby transferring the stresses from both 
legs of the angles into the gusset plate and avoiding excessive local stresses. 
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The number of rivets required in the end connection of any member depends 
on the working stresses for the rivets and on the method of making the connection 
to the gusset plate. The principles governing the design of riveted joints are 
given in the section on Splices and Connections—Steel Members, in the volume 
on “Structural Members and Connections.” 

As stated in Art. 29, the working stresses for shop rivets are 10,000 Ib. per sq. 
in. for shear and 20,000 lb. per sq. in. for bearing. Corresponding values for 
field rivets are given as 7,500 and 
15,000 lb. per sq. in. respectively. 
Tables of rivet values are given in the 
section on Splices and Connections— 
Steel Members in the volume on 
“Structural Members and Connections” 
and also in the steel handbooks. From 
these tables the single shear values of 
34-in. shop and field rivets are 4,420 
and 3,310 lb. respectively. The bear- 
ing value of a rivet depends on the 
thickness of the gusset plate. For 
trusses of the size under consideration, 
a 3¢-in. plate is usually ample. In any 
case the adopted thickness should be 
such that large gusset plates can be avoided. For a 3¢-in. plate, the bearing of 
a 34-in. shop rivet is 5,625 lb., and the corresponding value for a field rivet is 
4,220 lb. The design of the several joints will now be considered in detail. 

Joint b.—Figure 49 shows the details of joint 6. The stresses in the members 
and the panel load at joint b are shown in position. As shown by the force 
diagram, the stress in member b-f is balanced by the component of the joint 
load perpendicular to the top chord, and the difference between the stresses in the 
top chord members a-) and b-c is balanced by the component of the joint load 
parallel to the top chord. The complete design of the joint therefore consists 
in transferring the stress in member b-f to the gusset plate and thence to the top 
chord angles; and also in equalizing the difference in stress between members 
a-b and b-f by means of a purlin connection. 

Member b-f, whose stress is 3,620 lb., is connected to the gusset plate by shop 
rivets in bearing on the 3¢-in. plate. The value of these rivets, as given above, 
is 5,625 lb. per rivet, and the number required to connect b-f to the gusset plate 


18 5605 7 lrivet. Since a rigid connection can not be made with a single 
? 


rivet, it is the general practice to use not less than two rivets in any connection. 
Two rivets have therefore been used in the connection shown in Fig. 49. 

The load to be transferred from the gusset plate to the top chord angles is equal 
to the stress in member b-f. Since the conditions are the same as for the connec- 
tion between b-f and the gusset plate, two rivets will be used, as shown in Fig. 49. 

Member a-b-c, the top chord, is continuous across joint 6. As shown by the 
force diagram, the difference in stress between members a-b and b-c, which is 
31,660 — 29,850 = 1,810 lb., is balanced by the component of the joint load 
parallel to the top chord. To equalize the stresses in a-b and b-c, rivets capable 
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of transferring 1,810 lb. from the purlin to the top chord must be placed in posi- 
tion. These rivets will be placed in the outstanding leg of the clip angle and in 
the flange of the channel, as shown in Fig. 49. The value of the connecting rivets 
is determined either by their single shear value as shop rivets, which is 4,420 lb., 
or by the bearing value on the leg of the 54¢-in. clip angle, which is 4,690 lb. The 
single shear value governs, and only one rivet is required in the purlin connec- 
tion. In order to make a rigid connection, it will be necessary to use two rivets 
in the clip angle and two more in the flange of the channel. Figure 49 shows the 
complete details. Jomt d is similar to joint b; the same details will be used. 
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Joint c—Figure 50 shows the details of joint c. The design of this joint is 
carried out by the same methods as used for joint b. In this case the stresses in 
members f-c, g-c, and h-c, are transferred to the gusset plate, and the resultant of 
these stresses, which can be seen from Fig. 50 to be 7,240 — 2 X 1,810 = 3,620 
Ib., is to be transferred to the top chord angles. 

As before, the rivets connecting the angles to the gusset plate are in bearing 
on a 3¢-in. plate and have a value of 5,625 lb. per rivet. Onerivetis required for 
members f-c and h-c, and two rivets are required for g-c. Two rivets are used in 
each member, as shown in Fig. 50. The stress of 3,620 lb., which is to be trans- 
ferred from the gusset plate to the top chord, will require only one rivet, as at 
joint b. To secure a rigid connection, five rivets have been used, spaced about 4 in. 
apart, as shown in Fig. 50. 

The load to be transferred by the purlin connection to the top chord angles 
is the same as for joint b, as shown by the force diagram. Details similar to those 
at joint’ b will be used, as shown in Fig. 50. 

Joint f—The conditions at joint f are shown in Fig. 51. As before, the chord + 
members are continuous across the joint. The design of the joint consists in 
transferring the stresses in the members c-f and b-f to the gusset plate and thence 
to the chord angles, and in equalizing the stresses in members a-f andf-g. Since 
double angles are used for all members, and the gusset plate is 3g in. thick, the 
rivet value is 5,625 lb., as before. A single rivet is sufficient to transfer the 
stresses from members b-f and c-f to the gusset plate. Two rivets have been 
used in each member, in order to make a rigid connection. 

As shown by the force diagram of Fig. 51, the stresses in b-f and c-f have com- 
ponents perpendicular to the chord member which balance each other, and have 
components parallel to the chord member whose sum is equal to the difference 
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in stresses in the chord members. The rivets connecting the gusset plate to 
the chord angles must then be capable of transferring a load of 28,315 — 24,270 = 
4,045 Ib. A single rivet is sufficient, but the general practice is to use the detail 
shown in Fig. 51. One rivet is placed at the intersection of the center lines of 
the members, and other rivets are placed near the edges of the plate, as shown in 
Fig. 51. Joint his similar to joint f. The same details will be used. 

Joint e.—Figure 52 shows the conditions at joint e. The purlin load at this 
joint can be considered either as a single vertical load, as shown by the full line 
arrow of Fig. 52, or as two loads, shown by the dotted arrows, whose resultant is 
equal to the single load. The design methods are the same in the two cases. 


"Splice plate 5444" 


As noted early in this article, a field splice will be located at jointe. Oneside 
of the joint will be riveted up in the shop, and the rivets or bolts in the other side 
of the joint will be placed in position when the truss is assembled in the field. 
In order that a symmetrical joint may be made, the rivet values will be deter- 
mined as for field rivets, and the same number will be used for both shop and field 
rivets. The connection will then be made with field rivets in bearing on a 3¢-in. 
plate. These rivets have a value of 4,220 lb., as given above. 

The design of this joint consists in transferring to the gusset plate, the stresses 
in the several members, and in the provision of a purlin connection. Member 
d-e, whose stress is 26,230 lb., requires’ a = 7 rivets. For member 
é 


; 2 : : 
h-e, whose stress is 12,135 lb., : re = 3 rivets are required; they are 


shown in position in Fig. 52. The load brought to the joint by the purlin will 
be provided for by means of a connection similar to that used at the other joints. 
If a single vertical purlin is used, a suitable bearing plate, or shelf angles attached 
to the gusset plate forms a satisfactory connection. Where two purlins are used 
at the apex of the truss, connections similar to those shown for joints b andc can 
be used. General details of purlin connections are shown in Art. 7. 

Joint g.—Figure 53 shows the details of joint g. Member g-k is field spliced 
at this point; all other members entering the joint are shop riveted. The splice 
in the bottom chord member can be made in two ways. In one case, the stresses 
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in the members are transferred directly to the gusset plate by means of rivets in 
the vertical legs of the angles. This method is satisfactory where the stresses in 
the members are small. Where large stresses are to be transferred to the gusset 
plates, the joint is likely to be quite large if this method is used. To avoid large 
plates, the joint detail shown in Fig. 53 is generally used. This joint consists of 
a splice plate on the horizontal legs of the angles in addition to the rivets placed 
in the vertical legs. In this way part of the stress is carried by the splice plate, 
thereby reducing the stresses to be transferred by the vertical legs of the angles 
to the gusset plate. 

The design of joint g consists in transferring to the gusset plate the stresses in 
members g-h and g-c, and in the provision of a partially continuous bottom chord 
member in which part of the stress is carried around the joint by a splice plate 
and the balance of the stress is transferred directly to the gusset plate. As shown 
in Fig. 53, the rivets in members g-c and g-h are shop rivets in bearing on a 3¢-in. 
plate. These rivets have a value of 5,625 lb. per rivet. Member c-g requires 
a0 740 = 2 rivets; they are shown in position 
in Fig. 53. In determining the amount of stress to be transferred across 
the joint by the splice plate on the horizontal legs of the bottom chord 
angles, certain assumptions must be made regarding the distribution of the 
stresses. A common and reasonable assumption is that the stress in member 
g-k is uniformly distributed over the area of the member, and hence in this case 
the stresses in the two legs of the angle are equal, since the angle has equal legs. 
It is then assumed that the stress in the horizontal legs of the angles is transferred 
to the splice plate, and thence around the joint, while the stress in the vertical 
legs of the angles is carried directly to the gusset plate. Member f-g is assumed 
to have transferred to the splice plate a portion of its stress which is equal to the 
stress transferred to the splice plate by the horizontal legs of memberg-k. The 
balance of the stress in member f-g is assumed to be transferred to the gusset plate 
through the vertical legs of the angles of member f-g. Since the stress in f-g 
is always greater than that in g-k, it follows that there will usually be an uneven 
distribution of stress to the legs of the angles of member f-g, unless the member 
is made up of unequal legged angles in which the distribution of area happens 
to be correct. In the present case equal legged angles are used, and unequal 
stress distribution results. However, in small trusses where it is permissible to 
connect angles by one leg, the conditions are more favorable than where the splice 
plate is not used. 

On the assumptions made above, the stress in the vertical and horizontal legs 


of the angles of member g-k is a clea 8,090 lb. Since member g-k is field 


= 2 rivets, and g-A requires 


spliced at this point, the rivets in the vertical legs are field rivets in bearing on 
a 3¢-in. plate; they have a value of 4,220 lb. per rivet. The number required is 


= 2, which are shown in position in Fig. 53. The stress of 8,090 


Ib. in the horizontal legs of the angles is transferred to the splice plate by field 
rivets which are either in single shear or in bearing on the }4-in. material compos- 
ing the angles and the splice plate. From the tables of rivet values, the field 
shearing value of a rivet is 3,310 lb., and the field bearing value for a }4-in. plate 
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is 2,810 lb. The latter value governs and the number required is Sai0 = 
3 rivets. As shown in Fig. 53, four are used, two in each angle. 

The stress in member f-g is 24,270 lb., of which 8,090 lb. is taken up by the 
splice plate, as assumed above. There is then left 24,270 — 8,090 = 16,180 lb. 
to be transferred from the vertical legs of the angles to the gusset plate. The 
connecting rivets are shop rivets in bearing on a 3-in. plate, and have a value of 
16,180 


5,625 = 3, which are shown in 


5,625 lb. per rivet. The number required is 


position in Fig. 53. 

The splice plate on the horizontal legs of the chord angles must have sufficient 
net area to provide for the stress to be carried across the joint. This stress is 
8,090 lb., and the required net area is oe = 0.505 sq. in. Assuming a plate 
¥4 in. thick and 544 in. wide, which is slightly in excess of the spread of the 
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lower chord angles, the net area, deducting two rivet holes, is (5.5 — 2 X %) 
\% = 3.75 sq. in. The assumed plate provides a large excess area, but it is the 
smallest plate that can be used under the conditions for the design stated in 
Art. 29. 

Joint a.—Two designs will be given for joint a, the heel of the truss. Figure 54 
shows a design in which the stresses in the chord members and the shoe are brought 
directly to the gusset plate. In the design shown in Fig. 55, the bottom chord 
member is prolonged and acts as a support for the shoe. The rivets must then 
carry the vertical end reaction and the horizontal tension in the chord member. 
These designs will be carried out in detail. 

In the design shown in Fig. 54, all members are connected to the gusset plate 
by shop rivets in bearing on a 3-in. plate. The rivet value is then 5,625 Ib. 
Member b-a requires oe 6 rivets, and member a-f requi a8 

5,625 ’ equres 6,625 
= 5 rivets; these are shown in place in Fig. 54. The vertical end reaction 
is carried to the gusset plate by means of a pair of short angles which are con- 
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nected to the plate by shop rivets in bearing. As the gusset plate does not bear - 
directly on the sole plate, the rivets must carry the entire reaction to the gusset 
plate. From Art. 34, the panel load for the loading giving maximum stresses in 
the members is 4,045 lb., and the end reaction is 4 X 4,045 = 16,180 ]h. The 
16,180 
5,625 
= 3. Figure 54 shows four rivets in place. The number was increased to 
four in arder to bind the shoe angles more firmly to the gusset plate, as the angles 
were assumed to be 12 in. long. 

The bearing area on the masonry wallsis determined from the allowable bearing 
pressure, which is given in Art. 29 as 200 lb. per sq. in. For the end reaction 

16,180 


given above, the required area is 200 = 80.9 sq. in. Since the shoe angles are 


12 in. long, the required width of bearing is oe = 6.74in. Two3l-X 3- 


number of rivets required to connect the shoe angles to the gusset plate is 


X 3¢-in. angles will be used, which will furnish a width of 7 in. It is the 
general practice in roof truss construction to rivet a sole plate to the under side 
of the shoe angles, and also to place a masonry plate on the wall. These plates 
are made wider than the shoe angles, in order to provide holes for the anchor 
bolts which are located outside the angles, as shown in Fig. 54. A plate about 
12 in. wide will allow sufficient room in the case under consideration. The 
thickness of the sole and masonry plates must be such that they will not be over- 
stressed due to the upward pressure on the portion of the plates which overhang 
the shoe angles. If this overhanging portion be considered as a cantilever beam 
acted on by a uniform load equal to the reaction divided by the total area of the 


sole plate, the required thickness is readily determined. In this case, the upward 
; ; . 16,180 
pressure is carried by a 12- X 12-in. plate, and the unit pressure is 14 po 


112.2 lb. per sq. in. As shown in Fig. 54, the overhang is 254, in. The bending 
moment at the edge of the angle is then 14(254, X 112.2) 257, = 300 in.-lb. per 
inch of plate. As there are two plates under the shoe angles, it will be assumed 


that each plate carries one-half of the moment. The required thickness for each 
M\*4 ; 
plate can be determined from the formula d = (F iF where d = thickness of 
plate; M = bending moment per plate, which is 150 in.-lb.; b = width of plate 
under consideration, which is 1 in.; and f = allowable working stress, which 
is 16,000 lb. per sq. in. Then : 
150 
a= (6X i 000 
Each plate will be made 4 in. thick, as this is the thickness of plate generally used 
in practice. 

The design of the joint shown in Fig. 55 (a) differs from the one given for the 
arrangement shown in Fig. 54 only in the design of the bottom chord attachment. 
As shown in Fig. 55 (a), the stress in the bottom chord member and the end reac- 
tion are brought to the gusset plate by the same group of rivets. Since the 
reaction and the chord stress do not have the same line of action, the rivets must 
be designed to carry the resultant of these forces. This resultant is (16,180? + 
28,3152)’ = 32,600 lb. The rivets are in bearing on a 3¢-in. plate, and their 


4 
) = 0.237 in. 
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: 2 eae b eae 32,600 _ ¢ moe 
value is 5,625 Ib. per rivet; the number required is 5,625 ~ rivets. 


Figure 55 (a) shows the required number in place. It is desirable that these 
rivets be placed symmetrically with respect to the intersection of the center 
lines of the members. This is not always possible, due to insufficient room at the 
end of the chord member. The connection is therefore eccentric, and the rivets 
are subjected to additional stresses due to the induced moments. In general, the 
eccentricity, if unavoidable, should be kept as small as possible. e 

The stresses due to eccentricity are usually not calculated in practice. If 
desired, they can be calculated by the methods given in the volume on “Structural 
Members and Connections.” These methods will now be applied to the arrange- 
ment shown in Fig. 55 (a). The rivets are subjected to a horizontal load due to 
the stress in the bottom chord member, which is considered to be equally divided 
among the rivets, and to a vertical load which can be divided into parts. One 
part is due to the vertical reaction, assumed to be uniformly distributed over the 
rivets, and a second part due to the eccentric moment. Figure (b) shows the 
assumed distribution of this latter part of the stress. It can be shown that 


the stress on the end rivets a and f, due to the eccentric moment, is given by the 
formula, r = et where r = stress on rivet, JJ = moment due to eccen- 
tricity, c = distance from center of gravity of rivet group to end rivet, and z = 
distance from center of gravity of rivet group to any rivet. From Fig. 55 it 
can be seen that the eccentricity of the connection is one-half of a rivet space, or 
14g in. The eccentric moment is then, M = 16,180 X 1} = 18,200 in.-lb. 
The rivet spacing is 214 in., c = 5.625, and 


Da? = 2(1.125? + 3.375? + 5.6257) = 88.32 


5.625 : 
With these values we have r = 18,200 X = = 1,160 lb. This load acts 
upward on rivet a and downward on rivet f, as shown in Fig. (b). The vertical 


load on rivet a due to the reaction is also an upward load, and its amount is 
16,180 


R= 2,700 lb., giving a total vertical load of 2,700 + 1,160 = 3,860 lb. on 
rivet a. All other rivets have smaller loads, that on rivet f being the difference 
of the above values, or 1,540 lb. These values are to be combined with the loads 

ak = 4,720 
lb. per rivet. The resultant stress on rivet a is (3,8602 + 4,720?) = 6,100 lb., 
and that on rivet f is (4,720? + 1,540?) = 4,970 lb. Values for other rivets 
vary between these two extreme values. 

Since the allowable stress on a rivet for a 3¢-in. gusset plate is 5,625 lb., the 
end rivet is overstressed. ‘This can be relieved, either by reducing the eccentric- 
ity, which is not possible in this case, or by increasing the thickness of the gusset 
plate. From the tables of rivet values, it will be found that if the thickness of the 
gusset plate be increased to 14 in., the bearing value of the rivet will be 7,500 Ib. 
The rivets are then not overstressed, and the design is satisfactory. Other 
features of the design are the same as for Fig. 54. 

The purlin connection for the design of Fig. 54 is the same as that for joints 
bandc. In the design of Fig. 55, the top chord angles do not provide proper 


brought to the rivets by the stress in the chord member, which is 
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support for the purlin. If a purlin is used at this point, a convenient method of 
support is provided by enlarging the gusset plate so that it will carry a standard 
channel connection, as shown in Fig. (a). 


Fie. 55. 


37. Minor Details.—In Art. 35, the compression members were designed on 
the assumption that the two angles forming the member act as a single piece. 
In order that this condition may be realized the angles must be riveted together 
at short intervals. The distance between the connecting rivets, which are 
known as stitch rivets, can be determined from the condition that for equal 
rigidity in all directions, the ratio of unsupported length to radius of gyration for 
a single angle must not exceed that for the composite member, as given in Table 
13 of Art. 35. Thus, if L and R be respectively the unsupported length and the 
radius of gyration for the composite section, and | and r be the corresponding 
values for a single angle, we have 

Ir 


l= 


R 


The value of a for member a-b is given in Table 13 of Art. 35, as 76.5. From 


the steel handbooks the value of the least r for a 344- X 3- X 5/¢-in. angle is 0.63 
in. Substituting these values in the above equation, we have, 1 = 76.5 0.63 = 


48.2 in. Again, for member b-f, 4 = 53.9, r = 0.42, and therefore 1 = 53.9 X 


0.42 = 22.6 in. By the same method it will be found for member c-g that 1 
= 107.8 X 0.42 = 45.3 in. In practice, these connecting rivets are spaced from 
2 to about 214 ft. apart in compression members, and, although not required 
for tension members, they are generally provided, and are spaced from 3 to 314 
ft. apart. The space between the angles is maintained by means of ring fills, 
or washers, through which the rivets pass. 

The ends of the truss are fastened to the masonry walls by means of anchor 
bolts. For trusses of the size under consideration in this design, anchor bolts 
34 in. in diameter and about 2 ft. long are used. ‘Two bolts are placed at each 
end of the truss, as shown in Fig. 54. 

To provide for the expansion of the truss due to temperature changes, it is 
the general practice to assume that the maximum range of temperature is 150 
deg. With a coefficient of expansion for steel of 0.0000065, the change in length 
of a 50-ft. truss is 50 X 150 X 0.0000065 X 12 = 0.585 in., or nearly 5¢ in. 
To allow for this movement, the anchor bolts at one end of the truss are usually 
set in slotted holes. Allowing }4,-in. clearance all around the anchor bolt, the 
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required length of slot is2 X 146 + 34 + % = 1-in. In practice, a13{¢- X 
2-in. slotted hole would probably be provided. 

The purlin connection for joint c, and for the other top chord joints, has been 
designed in Art. 36, and is shown in Vig. 49. As shown in Fig. 49, the clip angle 
consists of a short piece of 5- X 314- X 54¢-in. angle shop riveted to the top chord 
angles. The vertical leg of the clip angle should be long enough to extend well 
up on the flange of a channel, thus providing a means of support which will pre- 
vent overturning. 

A sag tie is sometimes provided where the length of the bottom chord member 
qg-k is such that excessive deflection is likely to occur due to the weight of the 
member. Sag ties are generally made of a single angle of the smallest size 
allowable under the specifications. Where the pitch of the truss is 4, or less, the 
use of a sag tie is advisable. 

38. Estimated Weight.—The truss members were designed for dead load 
stresses determined from an assumed weight of truss which was calculated from 
an empirical formula. It is generally taken for granted that the assumed weight 
is correct, and no attempt is made to calculate the weight of the truss as designed. 
This procedure is allowable, for, as pointed out in Art. 14, the dead weight of 
trusses of the size considered in this design is a comparatively small part of the 
total load to be carried by the truss. A considerable error can then be made 
in estimating the dead load without causing any appreciable error in the maxi- 
mum stresses. 

In order to check the correctness of the dead weight formula used in Art. 31, 
an estimate has been made of the truss as designed in the preceding articles. 
Layout drawings were made of the several joints and the sizes of plates and 
lengths of members, determined from these sketches. Weights of members and 
plates were taken as given in the steel handbooks. The several items, as esti- 
mated, were: Main members, 1,700 lb.; gusset plates, 170 lb.; clip angles, rivet 
heads, and ring fills, 120 lb.; a total of 1,990 lb. for one truss. As the horizontal 


covered area for one truss is 15 X 50 = 750 sq. ft., the true weight of the truss is 
ee = 2.65 lb. per sq. ft. of horizontal covered area. In Art. 31 the 
weight of the truss, as estimated by the formula, is given as 2.7 lb. per sq. ft. 
The assumed and calculated weights agree so closely that no revision of stresses 
is necessary. 

39. Design of Top Chord for Bending and Direct Stress.—In certain cases 
the limiting span of the roof covering is such that purlins must be placed between 
the panel points of the top chord. The top chord member is then subjected to 
bending as well as direct stress, and must be designed as a combination beam 
and column. To illustrate the design methods for such cases, the design of the 
preceding articles will be modified by placing a purlin at the center point of each 
top chord panel in addition to those placed at the panel points. Working con- 
ditions, loadings, and allowable stresses will be taken as assumed in Art 29. 

Proceeding as in Art. 33, using the same type of roof covering, but with purlins 
spaced 3.5 ft. apart, it will be found that the required purlin section is a 6-in. 
8.2-lb. channel, which is the minimum section allowed under the conditions of Art. 
29. ‘This change in the purlin arrangement will cause a slight increase in the 
dead load stresses. However, for the purposes of this design, it will be assumed 
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that the stresses in the members are unchanged, and that the values given in 
Table 12 of Art. 34 can be used in the subsequent calculations. 

The chord section is to be designed for the same combinations of loading as 
used in Art. 32 for the design of the sheathing. Moments and simultaneous 
stresses are to be calculated for these combinations of loading, and a section 
chosen which will provide the area required by the maximum of these conditions 
of loading. In calculating the moments due to the applied loading, the chord 
sections may be considered as beams fixed at the ends, and the length may be 


Single load at 
ceriter of pare! 


i} 
q 
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taken as one panel. Based on these assumptions, Fig. 56 gives bending moment 
diagrams and moment coefficients for several loading conditions. 

Figure 57 shows the loading conditions for the several combinations of loading 
given in Art. 34. These loads can be resolved into components parallel and 
perpendicular to the chord members. It can readily be seen that the component 
perpendicular to the chord member will cause bending moments whose amounts 
can be determined by means of the coefficients given in Tig. 56, and that the 
components parallel to top chord tend to add to the compression in the member. 
The values given in Fig. 57 are in lb. per sq. ft. of roof surface. 

Figure 57 (a) shows the conditions for combined dead, snow and wind load 
expressed as a uniform vertical load. From Table 9, Art. 17, the combined effect 
of wind and snow is 25 lb. per sq. ft., and from Art. 34, the weight of shingles and 
sheathing is 9 lb. per sq. ft., giving a total load of 34 lb. per sq. ft. Since the pur- 
lins are to be spaced 3.5 ft. apart, the roof area per purlin is 3.5 & 15 = 52.5 sq. ft. 
The normal load is then 52.5 X 30.4 = 1,600 lb., and the component parallel 
to the chord member is 52.5 K 15.2 = 800lb. To these loads must be added the 
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corresponding components due to the weight of the purlin. As stated above, 
the adopted purlin is a 6-in. 8.2-Ib. section. The end reaction at each truss, due 
to the weight of a purlin is 8.2 X 15 = 1231b.; thenormal component of the purlin 
load is 123 X cos 26° 34’ = 107 lb., and the component parallel to the top chord 
is 123 & sin 26° 34’ = 54 1b. This gives a total normal load of 1,600 + 107 = 
1,707 lb., and a component parallel to the top chord of 800 + 54 = 854lb. From 
ak 9 of Table 12 Art. 34, the stress in member a-b for combined vertical ‘loading 
is 31,660 lb. Adding to this stress the component of load parallel to the chord 
member, the total stress in member a-b is 31,660 + 854 = 32,514 lb. From 
Fig. 56 the moments at the ends and at the center of a beam fixed at the ends and 


Wi ae 
loaded with a single load placed at the beam center are equal to 3? positive 


moment at the beam center, and negative moment at the ends. With W = 

1,707 lb., as calculated above, and / = 7 ft., the top chord panel length, the 
12 ; 

moments are, M = 1,707 X 7 X 3 17,900 in.-lb. 

Figure 57 (b) shows the components for dead load, one-half snow load, and 
maximum wind load, and Fig. (c) shows corresponding values for dead load, 
maximum snow load, and one-third wind load. These combinations correspond 
to cases (b) and (c) of Art. 32. By the same methods as used above, the moments 
and the simultaneous compression for the three conditions of loading shown in 
Fig. 57 are: 


CONDITION OF MaxIMuM SIMULTANEOUS 
Loapine Moment CoMPprEssion 
Fig. (a) 17,900 in.-Ib. 32,514 Ib. 
Fig. (0) 18,700 in.-lb. 26,895 Ib. 
Fig. (c) 18,120 in.-lb. 30,654 lb. 


The required chord section can be determined by the methods given in the 
chapter on Bending and Direct Stress in the volume on “Structural Members and 
Connections.’”’? The method there given is applied to the case under considera- 
tion by assuming a chord section and calculating the maximum fiber stresses 
due to the combinations of loadings given above. If the calculated fiber stresses 
agree closely with the allowable working values, the assumed section is accepted. 
If the calculated values are too small or too large, another trial must be made, 
until finally an agreement is reached between actual and allowable fiber stresses. 

A method which leads more directly to the desired section is obtained from 
the following analysis. Consider first the case of a column acted upon by an 
axial load P. The maximum stress on the extreme fibers of the section is given 


: Be ‘ 
by the expression, f = x 4 re. where P = axial load; A = area of section; 


e = eccentricity of load application due to imperfect centering of the load and 
to imperfections in column construction; ¢ = distance from column center to 
extreme fiber; and, J = moment of inertia of the column section. If Ar? be 
substituted for 7, where r is the radius of She of the section, the above equa- 


tion can be written in the form f = - 1 a * Solving for the required 
area, we have, 
ec 
| ag ( - 2 
7 


“fs (a) 


Sec. 2-39] ROOF TRUSSES 213 


As stated by eq. (1), the area of the column section for a given load P is found 
by increasing the load by a certain percentage, and dividing this increased load 
by the maximum allowable fiber stress. The general practice in column design 


is to use the column load without increase, and to allow for the term = of eq. 


(1) by reducing the allowable working stress. This reduction in working stress 
is made by means of a selected column formula. Equation (1) is then changed to 
read 

P . 


A=>F (2) 

where f. is the working stress as given by the column formula. 
Consider now the case of a column subjected to a moment M in addition to 
the axial load P. The total stress on the extreme fibers of the section will be 


P Pee, Me lige ec Me 
fic sich a Ae) tae 


Solving for A, the required area, we have 


ec 

FE (1 + 73 
eres Om (1) 

ons 


It will be noted that the first term of this expression is the same as eq. (1), 
Replacing this term by one of the form of eq. (2), we have 


Parte 
sk (3) 


That is, the area required for a column subjected to bending and direct stress is 
equal to the area required as a beam plus the area required as a column; the fiber 
stress for bending is the maximum allowable, in this case 16,000 lb. per sq. in., 
and the fiber stress for column action is that given by the column formula, which 


in this case is 16,000 — 70 b - The value of r is to be taken for the entire section. 


In applying eq. (3) to the determination of the section required for the several 
combinations of moment and direct stress given above, it will probably be found 
best to make a rough calculation of area, using moments and loads which are the 
average of the given values. Next assume that an angle with a certain width of 
leg is to be used. Approximate values of ¢ and r can be used in this calculation. 
From the handbooks it will be found that for unequal angles with the longer legs 
placed back to back, the values of ¢ and r are practically equal for an axis parallel 
to the shorter legs, and that they are approximately equal to 44 of the length of 
the longer legs. On comparing the area determined by the substitution of these 
approximate quantities in eq. (3) with the areas given in the handbooks for angles 
of the assumed width, it is possible to tell whether a wider or narrower angle 
should be used. 

For the case under consideration, a rough average of the moments and direct 
loads is M = 18,000 in.-lb., and P = 30,000 lb. Assume that a 4-in. angle is 
to be used. The approximate values of ¢ and r will be 44 X 4 = 1.33 in. In 
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applying eq. (3), substitutions must be made for points at the center and at the 
end of the member. ‘This is due to the fact that column action is present at the 
center of the member, while at the ends of the member simple compression exists. 
Again, at the center of the member the moment is positive and at the ends the 
moment is negative. The compression fiber is then at the top of the member 
at its center point, and c = 14 width of member; at the end points the compression 
fiber is on the side of the member, and c = 24 width of the member. The greater 
of the areas thus obtained determines the area required for the member. 

Thé length of the member under consideration is given in Table 13 of Art. 35 


as 84 in. Then with r = 1.33, we have f. = 16,000 — 70! = 16,000 — 70 x 


ow = 11,670 lb. per sq. in. The calculated areas are as follows: 


At center of member, 


30,000 | 18,000 X 1.33 _ e 
sz ts 11,670 + 16,000 X (1.33)2 — 2.57 + 0.85 = 3.42 sq. in. 


At end of member, 


_ 30,000 | 18,000 X 2.66 _ cae , 
~ 16,000 * 16,000 x (1.33)? ~ 1-87 + 1.70 = 3.57 sq. in. 


A, 


Fic. 58.—General drawing of 50-ft. steel roof truss. 


From the steel handbooks, it will be found that the area of the smallest 4-in. 
angle is 4.18 sq. in. Similar trials made for 3- and 5-in. angles showed that the 
former was probably too small, and the latter too large. More exact calculations 
will therefore be made for the 4-in, angles. 

The chord section will be assumed as made up of two 4- X 3- X 54g-in. angles 
with the 4-in. legs separated by a 3¢-in. space. Since the chord member is sup- 
ported laterally at its center point by the purlins, the greatest unsupported 
iength is in a vertical plane. From the steel handbooks, r = 1.27 in., ande¢ = 
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1.26 in. at the center of the member and c = 4.0 — 1.26 = 2.64 in. at the end 

of the member. From the column formula, f, = 16,000 — 70 x ce = 

11,370 lb. per sq. in. Proceeding as above, it will be found that the values given 

for the conditions of Fig. (a) require the greatest area. These calculations follow. 
Area required for condition of loading shown in Fig. 57 (a): 


At center of member 


_ 32,514 , 17,900 x 1.26 


As = 77370 + 16,000 x 1.272 ~ 2-78 84. in. 
At end of member 
A, = 32514 , 17,900 X 2.74 _ 3950 in 


= 76,000 * 16,000 x 1.272 


For the conditions of loading shown in Figs. (c) and (0), the results obtained were 
as follows: (c) A. = 3.59 sq. in., A. = 3.85 sq. in.; and (b) A, = 3.28 sq. in. 
A. = 3.66 sq. in. Since the calculated areas are all less than that furnished by 
the assumed angles, whose area is 4.18 sq. in., and since the agreement between 
required and provided areas was as close as could be obtained, using standard 
angles, the assumed section will be adopted. 

The design of the top chord section, as given above, is based on the assumption 
that the chord members act as beams fixed at the ends. At panel points where 
the member is continuous across the joint, as at b, c, ete., this assumption is prob- 
ably realized. At joint a the chord member is riveted to the gusset plate. In 
order to fix this point, an external moment must be applied which will be equal 
to the moment brought to the joint due to the end Moment in the fixed beam. 
The lower chord member and the bearing of the shoe on the masonry will offer 
some resistance to the moment, but as the lower chord member is not as rigid as 
the top chord, it can not be depended upon to provide fixed end conditions at 
the joint.’ 

An external moment of the desired amount can be produced at joint a by 
making the center line of the reaction eccentric with respect to the intersection 
of the center lines of the members. Thus, for the conditions governing the 
chord design, the end moment is 17,900 in.-lb., and the end reaction is 16,180 lb. 
The required eccentricity is then i180 = ].1lin. Since the end moment 
is negative, it tends to cause a clockwise rotation of the joint. If the reac- 
tion line be moved 1.2 in. to the right of the position shown in Fig. 54, the desired 
eccentric moment will be produced. A similar result can be obtained for the 
design shown in Fig. 55. 

40. Design of Bracing.—A general discussion of the bracing of roof trusses is 
given in Art. 9. Bracing for roof trusses of the type considered in this chapter is 
generally placed only in the plane of the lower chord of the truss. It is usually 
assumed that the sheathing and purlins, when placed in position, will provide 
sufficient bracing for the plane of the top chords. In some cases a ridge strut 
running the full length of the building is placed at the apex of the truss. This 
ridge strut serves also as erection bracing before the purlins are placed in position. 
Where the roof covering is corrugated steel, bracing is generally placed in the 
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plane of the top chord, as the corrugated steel is not rigid enough to provide the 
necessary lateral support. 

Bracing of the type mentioned above is not subjected to any definite loads; a 
rigid analysis of stresses can not be made. The designer must rely upon his judg- 
ment and experience in determining the type and position of the bracing, and the 
size of the members to be used in any structure. 

Figure 45 shows the arrangement of bracing which will be adopted for the truss 
under consideration. Pairs of trusses near the ends of the building will be pro- 
vided with diagonal bracing placed in the plane of the bottom chord. The other 
trusses will be connected to the braced trusses by means of a continuous line of 
struts placed in the plane of the bottom chord. These struts are located at joints 
gandk. In addition to this bracing a ridge strut, located at joint e, will be run 
the full length of the building. 

The diagonal members of the bracing in the plane of the lower chord will be 
made of single angles of minimum size. As the angles are to be connected by one 
leg only, a 214- X 2- X 14-in. angle willbe used. The struts will be considered as 
compression members; their size will be determined subject to the condition that 


l ahs ee F 

- must not exceed 150, which is the limiting value set for such members in Art. 

29. As the trusses are 15 ft. apart, the angles must have a radius of gyration. 
l 3 

of at least r = 150 = 12 X 15459 = 1.2 in. From the steel handbooks it will 


be found that the standard angles of least weight which will answer the require- 
ments are two 4- X 3- X 54 -in. angles placed with the 4-in. legs vertical and sepa- 
rated by at least a 14-in. space. These angles will therefore be used for the 
struts between trusses, and also for the ridge struts. 

The bracing in the plane of the lower chord of the truss is attached to plates 
riveted to the truss, as shown in Fig. 58. At joint g the splice plate on the hori- 
zontal legs of the bottom chord angles is enlarged to include the connecting rivets 
in addition to those required for the splice. An exact determination of the 
number of rivets required in the ends of the bracing angles can not be made, as 
these members have no definite stress. Some designers assume that the connec- 
tions are to be designed for the full strength of the member. On this assumption 
(1.06 — 0.22) 
~3e10° 5 field 
rivets. Experience shows that for small trusses, two rivets are sufficient. 

41. The General Drawing.—F igure 58 shows a general drawing of the truss 
designed in the preceding articles. On this drawing is shown the sizes of members, 
thickness of gusset plates, number of rivets in the members at each joint, arrange- 
ment of bracing, and all other details determined in the preceding calculations. 
It will be noted that only the general features of the design are shown on this 
drawing. This is the type of drawing turned out by the average designing office. 

Before the truss can be constructed in the shop, a drawing must be made 
showing in greater detail the dimensions of the members and plates and the 
spacing of the rivets. A drawing of this nature is known as a shop drawing. 
The principles governing the making of shop drawings are given in the section 
on Structural Steel Detailing. The reader is referred to p. 513 for a complete 
ene) drawing of a truss quite similar to the one designed in the preceding 
articles, 


the 21¢- X 2- X 14-in. angles would require 16,000 
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42. General Considerations and Form of Trusses.—The discussion of the 
preceding chapter was confined to roof trusses supported on rigid masonry walls. 
This type of structure is shown in Fig. 59 (a). The truss is not called upon to 


@ 


assist in carrying lateral forces. Resistance to lateral forces is provided by the 
walls on which the truss is simply supported. 

In certain types of structures, particularly mill buildings and storage sheds, 
the trusses are supported on steel columns, as shown in Fig. (b). The outside 
walls are formed either by a curtain wall of brick, or by sheathing or corrugated 
steel siding which is supported by the columns. In either case these walls act 
merely as partitions, and do not assist in carrying lateral forces, as in the case of 


@ () © 
() (d) 


(f) 


Fic. 60. 


the rigid walls of Fig. (a). If the lateral forces are applied to a truss resting on 
columns, as shown in Fig. (), the structure tends to collapse, as shown by the 
dotted lines. This distortion must be prevented by bracing capable of resisting 
horizontal forces. 

The bracing provided to resist horizontal forces must answer two conditions. 
It must not obstruct the clear space between the walls and the lower chord of 
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¥he trusses, and it must provide a means of joining the trusses and the columns 
into a rigid framework. In small structures the required resistance to distortion 
is sometimes provided by means of riveted joints at A and B of Fig. (6). This 
method is not economical, even for trusses of moderate size. Figure 59 (c) shows 
a simple means of providing the required bracing. Short members known as 
knee-braces, are connected to the column and to a lower chord panel point. 
The structure thus formed answers the above requirements, and the stresses in 
the members are readily determined. 

Figure 60 shows a few of the forms of knee-braced bents in common use. 
Figure 60 (a) shows a Fink truss with knee-braces, and Figs. 60 (b) and (c) show 
trusses of the Pratt type. Figure 60 (d) shows a flat Pratt truss with the end 
members prolonged to form a column. Other forms of trusses can be arranged 
inasimilar manner. Figures 60 (e) and (f) show trusses provided with a monitor 
at the apex. In the form shown in Fig. (f), side trusses are also provided. 

43. General Methods of Stress Determination.—Figure 61 shows a knee-braced 
bent acted on by wind loads W; perpendicular to the side walls, and loads W2 
normal to the roof surface. General methods of stress determination will be 
developed for the conditions shown in Fig. 61. Assume first that the truss is 
simply supported at points A and B by hinges, or by some method which will 
prevent horizontal movement under the action of the applied loads. Let R of 
Fig. (a) represent the resultant of the loads W; and W2. The reactions at A 
and B are to be determined for the force R. 

For the conditions shown in Fig. 61, it will be noted that there are four 
unknowns to be determined; a vertical and a horizontal force at A and B. The 
problem is therefore indeterminate, for, as stated in the chapter on Principles of 
Statics in the volume on “Stresses in Framed Structures,” only three unknowns 
can be determined in any system of non-concurrent forces. Some assumption 
must then be made regarding the relation between certain of these forces before 
a solution can be made. It will be convenient in this case to consider the relation 
between the horizontal components of the forces at A and B. The desired rela- 
tion can be obtained from a principle brought out in the analysis of statically 
indeterminate structures which states that where there is more than one path 
over which the stresses due to a given load may pass in order to reach the abut- 
ments or points of support, the load will be divided over these paths in propor- 
tion to their relative rigidities. It is reasonable to assume in this case that the 
loads are transmitted from the truss to the columns and thence to the points of 
support. As the columns are generally made alike, and are therefore of equal 
rigidity, it is usually assumed that the horizontal components of the applied 
loads are equally divided between the two points of support. Thus, if H be the 
horizontal component of R, we have 

H 


bly ee Hye oe (i) 


where H; and H» represent the horizontal components of the reactions at A and B, 
Fig. 61 (a). The vertical components of the reactions, shown by V and V¢ in 


Fig. (a), can be determined by moments. Thus in general terms, we have from 
moments about B 


Vi = i He (2) 
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and from moments about A 
v3 == (3) 


The reactions are thus completely determined. 

Before proceeding to the determination of the stresses in the truss members, 
it will be necessary to consider the conditions existing in the columns. As shown 
in Fig. 61 (a), the horizontal forces are carried to the points of support by means 
of a vertical member. As the loads act at right angles to the member, it is sub- 


Fic. 61. 


jected to bending as well as direct stress. The distortion of the structure as a 
whole is of the nature shown in Fig. 61 (b). In Fig. 61 (c) is shown, to an enlarged 
scale, one of the distorted columns. Since the column is riveted to the truss at 
point C, and to the knee-brace at point H, it seems reasonable to assume that 
E-C remains vertical, and that the distortion of H-B greatly magnified, is as shown 
in Fig. 61 (c). The column is then a three force piece, as it is subjected to 
bending moment, shear, and direct stress at all points. If M., V., S. represent 
these quantities at any section a distance x above the base of the column, we have 
for member B-E of Fig. 61. 


M. = Hs V.=H: S,= V2 (4) 


The moment, as given by the first of these expressions, is a maximum at point 
E, the foot of the knee-brace, varying uniformly to zero at the foot of the column, 
as shown by the moment diagram of Fig. (c). Values of the shear and direct 
stress for member C-E depend on the stress in the knee-brace, which is as yet 
unknown. 

In general the columns are rigidly fastened to the foundations by a detail of 
the type shown in Fig. 75. The distortion of the column is then of the nature 
shown in Fig. 61 (d). When the base is fixed, the tangent to the curve at point 
B can be assumed to be vertical. As the tangent at Z is also vertical, the curva- 
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ture between the two points can be assumed to be a reversed curve, with the point 
of inflection, or change in curvature, at point O, half-way between HE and B. 
Since a point of inflection is also a point of zero moment, the variation in moment 
for member B-C is as shown in Fig. 61 (d). The moment at O is zero, and the 
moments at points equal distances above and below O are equal in amount, but 
opposite in kind. It will be noted that the portion O-E of the deformed column 
of Fig. 61 (d) is similar to the portion B-E of Fig. 61 (c). Since the moment at O 
is zero, this point can be regarded as a hinged joint. In the determination of 
stresses the column can be separated into two parts at point O, as shown in Fig. 
61 (e). The reactions, as given by eqs. (1), (2) and (3), are to be calculated for a 
knee-braced bent consisting of that part of the structure above points O of Fig. 
61 (a). The moment at the base of the column can be determined from the 
conditions shown in Fig. 61 (e) for the lower portion of the column. 

The position of the point of inflection has an important bearing on the stresses 
in the members. It can be seen from eqs. (1), (2), and (3) and from Fig. (a), 
that the values of the reactions depend upon the effective height of the bent. 
A fixed end bent, considered as hinged at O, midway between the knee-brace 
and the base, will in general have smaller stresses in its members than one with 
simply supported ends, considered as hinged at A and B. However, unless the 
connections at E and C of Fig. 61 (d) are absolutely rigid, and the base of the 
column is fixed, the point of inflection, O, can not be assumed as located halfway 
between the base of the column and the foot of the knee-brace. Any tendency 
of the tangents to deviate from the vertical will cause the point of inflection to be 
lowered, the limit being points A and B, or a hinged connection at the base of the 
columns. Since the base of the column is usually rather wide in the plane of the 
truss, it can always be considered as partially fixed due to the action of the dead 
load. In most cases the column is firmly attached to the foundations by means 
of anchor bolts which are screwed up tight. As long as these bolts remain tight, 
the base of the column can be considered as fixed. But experience shows that 
this can not be relied upon. ,It seems best, therefore, to assume that the point 
of inflection is somewhat below the mid-point between the knee-brace and the base 
of the column. This assumption is on the safe side, as the stresses in the truss 
members are increased thereby, and the moment to be carried by the columns 
is also increased. 

In the calculations to follow, it will be assumed that the distance from the base 
of the column to the point of inflection is one-third of the distance from the base 
of the column to the foot of the knee-brace, as shown in Fig. (f). There is con- 
siderable difference of opinion among designers and writers on this point. The 
recommendation made above seems to be reasonable and to be founded on condi- 
tions which actually exist in the structure; it will therefore be adopted. 

Methods of stress calculation are best explained by means of a problem. 
For this purpose, a truss of the form considered in the preceding chapter will be 
placed on columns and provided with knee-braces. Figure 62 shows the dimen- 
sions of the knee-braced bent thus formed. The wind pressure on a vertical 
surface will be taken as 20 lb. per sq. ft., and that on an inclined surface will be 
20 Ib. reduced by the Duchemin formula, which is given in Art. 15. Since the 
assumed conditions are the same as for the design given in the preceding chapter, 
the wind panel load normal to the roof surface is 1,565 Ib., as calculated in Art 
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34. The total horizontal load on the side of the structure above the point of 
inflection is 15 X 15 X 20 = 4,500 lb. This load is distributed to the vertical 
panel points as shown in Fig. 63 (a). It will be assumed that the bases of the 
columns are partially fixed, and that the point of inflection is located at a point 
above the base of the column equal to one-third of the distance between the base 
and the foot of the knee-brace, as shown in Fig. 62. Figures 62 and 63 (a) show 


Fre. 62. 


the portion of the bent above the assumed points of inflection, with the applied 
loads in position. 

The reactions at the points of inflection, O and O’ of Fig. 62, assumed to be 
points of support for a hinged knee-braced bent, can be calculated by the methods 
given in the volume on “Stresses in Framed Structures.”’ From Fig. 63 (a), the 
total horizontal component of applied loads is 4,500 + 6,260 sin 26° 34’ = 
4,500 + 6,260 « 0.447 = 4,500 + 2,800 = 7,300 lb. The horizontal components 
of the reactions, as determined from eq. (2), are 

A, =H.= = Pe = 3,650 lb. 
The forces act as shown in Fig. 63 (a). The vertical reactions are determined 
from moments about the bases of the columns, using eqs. (2) and (3). Thus for 
Rs, from moments about O with dimensions and loads as shown on Fig. 63 (a), 
we have 
_ 6,260 X 20.71 + 4,500 X 7.5 


R: | _ = 3,260 Ib. 
and to 
Bim 2:260 X 78.09 4,900 XT = 2,340 Ib. 


These forces are shown in position on Fig. 63 (a). All external forces are thus 
completely determined. 

The next step in the calculations is the determination of the stresses in the 
members of the truss. In general it will be found that graphical methods of 
stress determination are preferable for this purpose. Algebraic methods of 
stress calculation are somewhat more precise than graphical methods, but in the 
application of algebraic methods considerable time is consumed in the calculation 
of lever arms of loads and members. This is avoided by the use of graphical 
methods, and the results obtained are accurate enough for all practical purposes. 

In the application of graphical methods to a knee-braced bent a little diffi- 
culty is encountered in the case of the columns. These members are subjected 
to shear, moment and direct stress, thus forming three force pieces. ‘The graph- 
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ical methods given in the volume on “Stresses in Framed Structures” are applicable 
only to one force pieces—that is, members subjected either to tension or compres- 
sion. Two methods can be employed for the graphical solution of the case under 
consideration: (a) The columns can be removed and in their place can be sub- 
stituted a system of forces whose effect on the structure as a whole will be the 
same as that of the columns, and (6) since a moment can be considered as a force 


Fie. 63. 


times a distance, a temporary framework can be added to the truss system, 
arranged so that the moment at the foot of the knee-brace will cause stress in 
the members of the auxiliary framework. After the stresses in all members of 
the truss have been determined, the temporary framework can be removed and the 
true stresses in the columns determined. The methods described above will 
now be applied to the knee-braced bent of Fig. 63 (a). 

The application of the first method outlined above is shown in Figs. 63 (6), 
(c) and (d). Figures 63 (b) and (c) show the columns removed with all forces 
acting. Forces Ff; and F2 show the action of the column on the truss. These 
forces are determined by the methods of statics, subject to the condition that the 
column is in complete equilibrium. From Fig. 63 (6), which shows the condi- 
tions for the windward column, moments about point e give 


F, = (3,650 — 1,500) 4° = 4,300 Ib. 
and moments about point a give 
F., = (3,650 — 1,500) ? = 6,450 lb. 


For the leeward column, shown in Fig. 63 (c) 


F, = 3,650 X . = 7,300 lb. 
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and 


F, = 3,650 X ° = 10,950 Ib. 


All forces are shown in position in Figs. 63 (b) and (c). 

Since action and reaction are equal in amount but opposite in direction, forces 
F, and F» are to be applied to the truss in directions opposite to those shown in 
Figs. 63 (6) and(c). They appear directly on the leeward side, but on the windward 
side they are to be combined with the loads shown at a and e of Fig. 63 (a). Ata 


Fig. 64.—Knee-braced trusses. 


the applied load is 4,300 + 750 = 5,050 lb., and at e the load is 6,450 — 2,250 
= 4,200 lb. These forces are shown in position and direction on Fig. 63 (d). At 
the foot of the knee-brace, vertical forces equal to the reaction at the foot of the 
column are applied, as shown in Fig. (d)._ The resulting forces hold the structure 
in equilibrium. 

Figure 64 (b) shows the stress diagram for the forces shown on Fig. 63 (d) and 
repeated on Fig. 64 (a). This stress diagram is constructed by the methods 
given in the volume on “‘Stressesin I’ramed Structures.’’ Thestressesin the mem- 
bers, as scaled from the diagram, are recorded in cols. 4 and 6 of Table 14, Art. 45. 
The stresses in the upper portion of the columns are given directly in the stress 
diagram. In the lower portions of the columns, the stress is equal to the reaction 
at the point in question, as given in Fig. 63 (d). 

The temporary framework for the second method of stress determination 
outlined above is shown in Fig. 65 (a). Any convenient arrangement can be 
used. In this case the top chord member was prolonged to an intersection witha 
horizontal through the foot of the knee-brace. This point was then connected 
to the foot of the column by a temporary member. These members are shown by 
dashed lines in Fig. 65 (a). The loads applied to the windward side of the build- 
ing are considered as acting at the joints of the auxiliary framework, as shown in 
Fig. (a). With the auxiliary framework in place, it is possible to draw the stress 
diagrams for all joints. Figure 65 (b) shows the complete stress diagram. 
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The stresses for the columns, as given by the stress diagram of Fig. (b), are 
not the true stresses for these members, for the addition of the auxiliary frames 
has affected the stresses in the columns; all other stresses are the true stresses in 
the members in question. To determine the true stresses in these members, 
the auxiliary frames must be removed and the column stresses redetermined, 


Fie. 65.—Knee-braced trusses. 


subject to conditions which will be discussed later. Thus for the windward 
column it can be seen by inspection that as soon as the framework is removed, the 
stress‘in the lower section of the column is a compression which is directly equal 
to the reaction at the foot of the column, which in this case is 2,340 lb. Consider 
the upper portion of the column. It is quite evident that the stress in this mem- 
ber must be of such magnitude that it will hold in equilibrium the stress in the 
lower portion of the column plus the vertical component of the stress in the 
windward knee-brace. ‘The desired stress can be determined from Fig. (b) by 
locating the forces mentioned and adding them graphically. In Fig. 65 (6), 
K-M represents the reaction at the foot of the column, and L-17 represents the 
stress in the knee-brace. If these forces be projected on a vertical line drawn 
through point 17, we have as the sum of these forces the component K’-17, which 
represents the amount of the desired stress in the upper portion of the column; 
the stress as scaled from the stress diagram is 5,000 lb., and the kind of stress is 
compression. Similar methods are to be used for the leeward column. As 
before, the stress in the lower portion of the column is compression, and it is 
equal to the reaction at the foot of the column. Since the stress in the leeward 
knee-brace is compression, its vertical component acts downward. Therefore the 
stress in the upper portion of the column must balance the difference between 
the stress in the lower portion of the column and the vertical component of the 
stress in the knee-brace. The desired stress can be determined from Fig. 65 (6), 
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The force L-N represents the reaction at the foot of the column, and L-14 
represents the stress in the leeward knee-brace. If these forces be projected on a 
vertical line through point 14, the required difference in stress components will 
be represented by the force N’-14. The required stress scales 3,700 lb., and the 
kind of stress is tension. 

On comparing the two methods given above, it will be found that the con- 
struction of the auxiliary frames required by the second method involves less time 
and is a simpler process than the calculation of the external forces required for 
the first method. The stress diagrams constructed for the two methods lead to 
exactly the same results, if the operations are correctly performed. However, 
it will be found that the stress diagram for the first method can be more accurately 
constructed than the one for the second method. This is partly due to the fact 
that the stress diagram of the first method contains four less joints than the one 
for the second method, and also to the fact that it is difficult to arrange an 
auxiliary framework which will provide good intersections for the lines of action 
of the resulting stresses. Again, the stresses in the columns are given directly 
by the stress diagram for the first method, but, from the discussion given above, 
it can be seen that the determination of the column stresses by the second method 
requires considerable care and study. Everything considered, the first method 
of calculation, as shown in Fig. 64, is preferable, and it is recommended as 
the best method of stress determination for problems of the nature here 
considered. 

44, Conditions for the Design of a Knee-braced Bent.—To illustrate the 
principles of design for a knee-braced bent, a truss of the span length and type 
designed in the preceding chapter will be placed on columns and provided with 
knee-braces. The columns will be made 20 ft. high and the knee-brace will 
intersect the column at a point 5 ft. below the top of the column. Figure 62 
shows the structure thus formed. The distance between the trusses will be taken 
as 15 ft., and the roof covering will be made the same as used in the design of the 
preceding chapter. In this way much of the material of the preceding design can 
be used for the structure under consideration. It is not probable that a shingle 
roof would be used in practice for a structure of this type. A corrugated steel 
or a slate or tile is a more practical type of roofing. However, the general prin- 
ciples of design are the same for all cases, and the discussion given in this chapter 
can readily be modified for any type of roof covering. 

Loadings and working stresses will be the same as given in Arts. 29 and 31 
of the preceding chapter, with the exception of the dead load of the trusses, which 
will be determined by the Ketchum formula given in the chapter on Roof 
Trusses—General Design. 


; P Ep = 
This formula is w = (1 + Ba)’ 


where P = capacity of truss, which will be taken as 40 lb. per sq. ft. of horizontal 
covered area; L = span in feet; A = distance between trusses, which will be 15 ft. ; 
and w = weight of truss per sq. ft. of horizontal covered area. With the above 
values, w = 3.181b. To allow for that part of the bracing carried by the trusses, 
this weight will be increased to 4,25 Ib. per sq. ft. of horizontal covered area, The 


226 STEEL AND TIMBER STRUCTURES [Sec. 2-45 


snow load will be taken 20 lb. per sq. ft. of roof surface, and the wind loads on the 
sides and the roof will be based on a unit pressure of 30 Ib. per sq. ft. on a vertical 
surface. This unit pressure will provide for all possible wind stress conditions 
for a structure in an exposed position. If the structure is in a sheltered location, 
a unit pressure of 15 or 20 lb. per sq. ft. would be sufficient. The wind pressure 
will be assumed to act normal to the roof surface and perpendicular to the sides 
of the building. 

Working stresses for steel in tension will be 16,000 lb. per sq. in. on the net 
section of the member. For compression the working stress will be given by the 


formula 16,000 — 70 is where J = greatest unsupported length of member, and 
r 


: : bn 
r = least radius of gyration of the section. Gross areas are used, and 73 


limited to 125 for main members and to 50 for bracing. Corresponding working 
stresses for wind loadings will be based on 24,000 lb. per sq, in., as in the pre- 
ceding chapter. Rivet values for shop rivets are to be based on an allowable 
shearing value of 10,000 lb. per sq. in., and an allowable bearing value of 20,000 
Ib. per sq. in.; corresponding values for field rivets are 7,500 lb. for shear and 
15,000 for bearing. Rivets 34 in. in diameter will be used. The minimum thick- 
ness of material will be 14 in. 

Members and connections subjected to a reversal of stress will be designed for 
each kind of stress. This assumption is reasonable, for the reversal in stress is 
due to a change in the direction of the wind. This can not occur suddenly, so 
that there will be a time interval between the two kinds of stress. 

As stated in Art. 48, there is considerable uncertainty regarding the exact 
conditions at the bases of the columns. In many cases it is assumed that the 
point of inflection, shown in Figs. 62 and 638, is located half way between the base 
of the column and the foot of the knee-brace. This assumption requires rigid 
connections between the column and the knee-brace and a rigid connection 
between the column and the truss. Also, the base of the column must be rigidly 
attached to the foundations, which must be immovable. All of these conditions 
must be realized before the above assumption can be made. As it is practically 
impossible to secure all of these conditions, it does not seem advisable to assume 
that fixed end conditions exist. However, the end detail of the base of the column, 
as shown in Fig. 67, is so arranged that it is probable that the assumption of 
hinged ends is not justified, as the base is flat, and is fixed to some extent by the 
dead load. It therefore seems best to assume that the base is partially fixed, and 
that the point of inflection is somewhat below the mid-point of the column. In 
an excellent article on Wind Stresses in Steel Mill Buildings,! R. Fleming recom- 
mends that the point of inflection be taken at a point one-third of the distance 
between the foot of the column and the knee-brace. This recommendation has 
been followed in the solution of the problem of Art. 48, and will be adopted for 
the design to be made. 

45. Determination of Stresses in Members.—The stresses in the members are 
to be determined for the same general conditions as in the design of the preceding 
chapter. In this case, however, it is not possible to use an equivalent uniform 
load to represent the effect of wind and snow combined. The stresses for these 

1 Rng. News, vol. 73, No. 5, p. 210, Feb. 4, 1915. 
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loadings must be determined separately and combined with the dead load for the 
following conditions: (a) dead load and snow load; (b) dead load and wind load; 
(c) dead load, minimum (one-half) snow load, and maximum wind load; and (d) 
dead load, maximum snow load, and minimum (one-third) wind load. In mak- 
ing up these combinations, the greater of the wind stresses given in cols. 4 or 6 of 
Table 14 is to be used. This will provide for all possible conditions. The maxi- 
mum stress determined from these combinations is to be used in the design of the 
member. It will be noted that condition (6) often results in a reversal of stress in 
the member. 

Since the adopted roof covering, the loading conditions, and the working 
stresses are the same as for thesdesign of the preceding chapter, the dead panel 
load due to the roof covering and the purlins will be the same as given in Art. 34 
of the preceding chapter. The panel load due to the roofing is then 945 lb., and 
that due to the purlin is 147.0 lb. As given above in Art. 44, the weight of the 
truss and bracing is 4.25 lb. per sq. ft. of horizontal covered area. From the 
preceding chapter, the horizontal covered area per panel is 15 X 59 = 93.75 
sq.ft. The panel load due to the weight of the truss is then 93.75 & 4.25 = 398.4 
lb. The total dead panel load is then 945.0 + 147.0 + 398.4 = 1490.4 lb.; a 
load of 1,490 lb. will be used in the calculations to follow. 

In the calculation of the stresses in the members of the knee-braced bent shown 
in Fig. 62, it is the usual practice to assume that the knee-braces are not stressed 
by the action of vertical loads. This assumption is not strictly correct, for the 
deflection of points f and f’ is resisted by the knee-brace, which is thus subjected 
to a small stress. At the same time, a small bending moment is set up in the 
column. These stresses and moments are so small compared to the other stresses 
and moments that the stresses due to the deflection of points f and f’ can be neg- 
lected. This is equivalent to removing the knee-braces and calculating the 
stresses in the remaining members. The stresses can then be determined by the 
methods used in Art. 34 of the preceding chapter. These stresses are given in 
col. 1 of Table 14. 

The panel load due to snow will be the same as for the preceding design. As 
the area of the roof panel is 7 X 15 = 105 sq. ft., and the snow load is 20 lb. 
per sq. ft., the panel load is 20 X 105 = 2,100 Ib. The snow load stresses are 
given in col. 2 of Table 14. These stresses can be calculated from the dead load 
stresses by multiplying by the ratio of panel loads, which in this case is 50 
= 1.41. Since the conditions are the same as for the preceding design, the stresses 
in this case can be taken from Table 12 of Art. 34 of the preceding chapter. In 
col. 3 the stresses for minimum, or one-half snow load, are given. 

The wind load stresses for the structure under consideration have been worked 
out in the problem givenin Art. 43. As stated in Art. 44, the unit wind pressure is 
to be taken as 30 lb. per sq. ft. and the allowable working stress for wind loading 
is to be based on 24,000 Ib. per sq. in. Since this working stress is 34 that allowed 
for dead and snow loads, the wind pressure can be reduced by 14, which gives a 
unit pressure of 20 lb. per sq. ft. A uniform allowable working stress of 16,000 
Ib. per sq. in. can then be used for all loadings. The wind pressure on the sides 
of the structure will be taken as 20 Ib. per sq. ft., and that on the roof surface will 
be taken as calculated from the Duchemin formula which is given in Art. 15. 
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As the slope of the roof surface is 26 deg. 34 min. and the unit pressure is 20 lb. 
per sq. ft., the normal wind pressure is found to be 14.9 Ib. per sq. ft. of roof sur- 
face. Since a complete solution of this problem is given in Art. 43, the work 
will not be repeated. 

The wind stresses inthe members as determined in Fig. 64 or 65 of Art. 43 are 
given in cols. 4 and 5 of Table 14. Minimum or one-third wind stresses are given 
in cols.6.and 7. Table 14 also gives the values of the moments at the foot of the 
knee-braces. These moments are calculated from eq. (4) of Art. 43. For point 
e of the windward column, it can be seen from Figs. 62 and 63 (a) that the mom- 
ent is (3,650 — 1,500) X 10 = 21,500 ft.-lb., and for the leeward column, the 
moment at point l’ is 3,650 X 10 = 36,500 ft.-lb. Moments at the base of the 
column are also given. These moments are equal to the horizontal component 
of the reaction multiplied by the distance to the assumed point of inflection. 

The combined stresses for the combinations of cases (a), (0), (c), and (d), as 
outlined above, are given in cols. 8, 9, 10, and 11 respectively. In col. 12 the 
greatest of these maximum values are tabulated. 

46. Design of Members and Columns.—The general principles governing 
the design of the members of a knee-braced bent are the same as those used in the 


Fic. 66. 


design of the preceding chapter. Table 15 gives all data required for the design. 
In the truss under consideration, a few of the members are subjected to a reversal 
of stress. Such members are to be designed to carry each of these stresses. The 
section will therefore be determined for the stress which requires the greater area. 
One member, g-h, is subjected to a small compression under certain conditions. 
The area required is determined by the tension in the member. However, since 


‘ieid : Cr we 
the member is likely to be ‘called upon to carry compression, the limiting > 


conditions must be met, which will probably determine the make-up of the section. 
Where a member is subjected to a large compression and a smaller tension, the 
compression area determines the required section. It is necessary, however, to 
examine the net area, in order to make certain that proper provision has been made 
for the tensile stress. The detailed design of a few of the members will now be 
taken up, and new points involved in the design will be discussed. 

Member I-f, the knee-brace, is subjected to a tension of 4,950 lb., and to a 
compression of 13,000 lb.; the length of the member is 111.5in. Try two 3!%- x 
3- X 14-in, angles, placed with the 314-in. legs separated by a 3g-in. space, The 


230 STEEL AND TIMBER STRUCTURES [Sec. 2-46 


I1~ 


least radius of gyration of these angles is 1.10 in.; the slenderness ratio is 


iG 101.5; the allowable working stress in compression is 8,900 Ib. per sq. in.; 


and the area required is 13,000/8,900 = 1.46 sq. in. Since the working 
stress in tension is 16,000 per sq. in., the net area required for the tension is 
4,950 
16,000 
and the net area, deducting one rivet hole from each angle, is 3.32 sq. in. 
These areas are considerably in excess of the required areas, but the value of the 


= 0.309 sq. in. The gross area of the assumed angles is 3.86 sq. in. 


ratio : for the assumed angles is 101.5, which is close to the maximum allowable. 


The section must therefore be used. 

Member g-h is subjected to a tension of 10,200 lb., or to a compression of 

; ., - 10,200 : 
1,370 lb. The area required for tension, which is 16.000 ~ 0.638 sq. in., 
? 
will determine the design, but the member selected must conform to the limiting 
slenderness ratio conditions required for compression members. In this case it 
will be found that a section made up of the minimum angles will answer all require- 
ments. Assume two 24- X 2- X 14-in. angles, the minimum allowable, for which 
: . l 94 

the least r = 0.78 in. For a length of member of 94 in., we find that , = 078 
= 120.5, a value slightly less than the maximum allowable, but acceptable in this 
case. The net area of the assumed angles, deducting one rivet hole from each angle, 


is 1.68 sq. in. Although the area provided is somewhat in excess of that 


; F : l “ae 
required, the section must be used in order to answer the - conditions. 


The design of the column and its base presents some new problems, which will 
be discussed in detail. As stated in Art. 44, the columns are three force pieces, 
which are to be designed for moment, shear, and direct stress. From Fig. 61 (a) 
and Table 14, it can be seen that the maximum moment conditions occur at the 
foot of the leeward knee-brace. Figure 66 shows the forces acting on the column 
for two conditions of loading. Figure 66 (a) shows the combined forces due to 
dead load, one-half snow load, and maximum wind load, and Fig. 66 (b) shows the 
conditions for dead load, snow load, and one-third wind load. Design methods 
similar to those developed in the preceding chapter for the design of the top chord 
will be used for the design of the columns The area of the section will be deter- 
mined by the moment and the direct stress, and the design of the details, such as 
the lacing and the riveting of the main angles, will be determined by the shear. 
The area of the section will be determined after which the details will be designed. 

The loading conditions for which the column is to be designed are: (a) com- 
pression, 13,420 lb.; moment, 36,500 ft.-lb.; shear, 3,650 lb.; and (6) compression, 
15,447 lb.; moment, 12,167 ft.-lb.; shear, 1,217 1b. In this case it will be best to 
assume a section, and then compare the area required as determined from eq. 
(3) of Art. 39 of-the preceding chapter with the area furnished by the assumed 
section. 

Assume a column section composed of four angles connected by lacing, 
arranged as shown in Fig. 66 (c). This section must be made quite wide in the 
plane of the truss, in order to resist the bending moments. It must have a 
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width along the axis A-A such that the allowable ratio : = 125 will not be 


exceeded, where 1 = one-half the total height of the column. This is founded 
on the assumption that the base of the column is flat and that it is rigidly fastened 


TasBLE 15.—DursiagN or MEMBERS 
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to the foundations. It is also assumed that the top of the column is held in line 
by an eave strut, as shown in Fig. 75. If these conditions are not realized the 
full height of the column must be used. On the above assumption, the least 
allowable r = 4% X 20 X 12495 = 0.96 in. Assume four 3)4- X 3- X 54¢-in. 
angles placed as shown in Fig. 66 (c). The radius of gyration for the axis A-A 
is found to be 5.53 in., and that for the axis B-B is 1.66 in. From eq. (3), Art. 


39 of the preceding chapter, using the loadings given above, dimensions as given 
l 12 
on Fig. 66 (c), and f. = 16,000 — 70 is 16,000 — 70 X 15 X F537 13,720Ib. 
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Case (a) 
13,420 , 36,500 X 12 X 6.25 _ = : 
A= 13,720 + 16,000 X 5.53? 0.98+ 5.60 = 6.58 sq. in. 
Case (b) 
15,447 | 12,167 X 12 X 6.25 _ r , 
The section must also be investigated for column action in the plane of the axis 
; 24 
A-A. Since r = 1.66 in., and / = 20 ft. = 240 in., f. = 16,000 — 70 X bas 
1.66 
, 15,44 ‘ 
10,940 lb. per sq. in., and the area required = wee = 1.42sq.in. The sec- 


tion is therefore ample, as the area provided is 4 X 1.93 = 7.72 sq. in. As 
the assumed section answers all conditions, it will be adopted. 


The arrangement of the lacing, or other connection, between the angles com- 
posing the column section, will depend upon the amount of shear to be carried. 
As shown in Fig. 66 (a), the maximum shear to be carried on the portion of the 
column below the knee-brace is 3,650 lb., and above the knee-brace, the shear is 
7,300 lb. Assume that single lacing of the form shown in Fig. 67 (a) is to be used. 
Below the knee-brace, where the shear is 3,650 lb., the stress on a lacing bar is 
3,650 X sec. 45° = 5,710 lb. The rivets will be shop rivets in bearing. In 
order to meet the requirements for bearing, the lacing bar must be 3¢ in. thick; 
the rivet value will then be 5,625 lb., which is satisfactory. 

The size of the lacing bar is determined by its strength as a column and as a 
tension member. Since the bar is held rigidly between the angles, the unsup- 
ported length, 7, may be taken as half of the total length, or, as shown in Fig. 
67 (a),l = 16 X 9 X sec. 45° = 6.36 in. Assuming the lacing bar to be a 214- X 


d : 
ig = 0.289 d = 0.108 in, 


l 
and ae 58.8. The allowable working stress is 16,000 — 70 X 58.8 = 11,780 


3¢-in. section, the least radius of gyration is r = 
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lb. per sq. in., and the area required is nae = 0.49 sq. in. The assumed sec- 
tion provides 2 X 0.375 = 0.75 sq. in. For a working stress of 16,000 lb. per 
5,710 


sq. in. in tension, the area required is = 0.258 sq. in. Deducting one 


16,000 
rivet hole from the area of the section, the net area is 0.75 — 0.33 = 0.42 
sq. in. Since the assumed section is standard it will be adopted, although it is a 
little larger than required. 

The stress in the lacing bars above the knee-brace will be 7,300 X sec. 45° = 
10,340 lb. Two rivets will be required in the end of each lacing bar, as shown in 
Fig. 67 (b). In some cases a plate is used in place of the lacing bars. This is 
often done when more than one rivet is required in the end of each bar. Figure 
67 (c) shows an arrangement of this kind. The plate is to be connected to the 
angles at intervals determined from the conditions shown in Fig. 67 (c), where 
V = shear on the section, which is 7,300 lb.; 7 = rivet value; and x = distance 
between rivets. Taking moments about a rivet, we have rh = Vz, from which, 
z= ue Assuming a 3¢-in. plate, the rivets will be in bearing and will have 
a value of 5,625 lb. per rivet. Substituting these values in the above equation, 


z = 5,625 X 


7,300 
be used. Where the detail shown in Fig. 67 (d) is used, the web plate and the 
gusset plate should be connected as shown. As the web plate is assumed to 
carry shear only, two rows of rivets in the splice are sufficient. If the splice is 
to be designed for moment as well as for shear, the principles given in the section 
on Splices and Connections—Steel Members, in the volume on “Structural 
Members and Connections” must be used. 

Figure 67 (e) shows a common detail for the base of a column where fixed or 
partially fixed end conditions are assumed. A sole plate, generally about 34 in. 
thick, is riveted to angles fastened to the main angles of the column. Anchor 
bolts imbedded in the concrete or masonry foundations are placed between pairs 
of anchor angles. These bolts are tightened up against plate washers resting on 
top of the anchor angles. The anchor bolts are placed in the plane of the moment 
to be resisted. If the stresses are small, one bolt on each side of the base of the 
column is sufficient, but where large stresses are to be resisted, two bolts are used 
on each side. 

The conditions for which anchor bolts are usually designed are shown in Fig. 
68. Forces P and H are determined from Fig. 61 (e), which shows the portion 
of the column below the assumed point of inflection. The deflection A is so 
small compared to the other distances that it can be neglected. As shown in 
Fig. 68, the forces tend to tip the column about point A. Taking moments 
about A 


= 6.93 in. In practice a spacing of about 4.5 in. would 


M, = Hh — ne where M, = overturning moment. 


2 
Anchor bolts are usually designed on the assumption that they resist all of 


the overturning moment. If t = distance from point A to the anchor bolt, 


Stress in anchor bolt = me (1) 
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In some cases t is taken as the distance between anchor bolts. No calculation of 
the compressive stress in the conerete or masonry under the base is made 
in this method. It is assumed that if the compressive stresses found by divid- 
ing the load to be carried by the area of the base is kept small, the added 
stresses due to overturning will not exceed allowable limits. 

In Fig. 69 there is shown the conditions for an approximate analysis of the 
stresses in the anchor bolts and the compression on the foundations. The 
general principles upon which the method is based and the assumptions made 
are similar to those used in determining the bearing pressures on the base of a 


Fra. 69. 


retaining wall. In the case under consideration the additional assumption is 
made that when the overturning moment is such as to cause tension on any part 
of the base, that tension is taken up by the anchor bolts. 

Figure 69 (a) shows the lower portion of the column with forces in position as 
determined from Fig. 61 (ec). The action of these forces on the base of the column 
can be represented by a moment M and a force P, as shown in Fig. 69 (b). These 
can be represented by the load P placed at a distance e from the center of the base, 


where 


M 
Aad (2) 


The stresses on the base can be divided into two parts; one part due to the effect 


of P, and the other due to M. These stresses are shown in Figs. 69 (d) and (e) 


respectively. The resultant stress on the base is the sum of these stresses, and 
is given by the expression 
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P= gal +9) @ 


where the several terms have the values shown in Fig. 69. 

It can be shown that if e, as given by eq. (2), is less than °, the stresses across 
the base are entirely compression, as shown in Fig. 69 (f), and where ¢ is greater 
than °. tension exists on a part of the section, as shown in Fig. 69 (g). From 


similar triangles in Fig. 69 (g) it can be shown that the portion of the base covered 
by the compressive stresses is 


_ a ( Ge) d te ) 
Se ante Es qakgan @ 
The unit compressive stress on the foundations is given directly by eq. (3). To 
determine the total tension in the anchor bolts, assume the total tension is taken 


by the anchor bolt. This tension, 7’, is represented by the volume of the tension 
stress diagram, which is 
ay Sat ae ( e ) 
T = 5Pmin X (d z)b = od ce foe (d — 2) 
_ Pd (6e . 
z. bid a] 1 (5) 
For the case under consideration, it will be found from Table 14 and from Fig. 63 
that P = 13,420 lb. and M = 3,650 X 5 = 18,250 ft.-lb. = 219,000 in.-lb. 
These values occur in the leeward column. 
The details of the column base are shown in Fig. 67. For a column section 
of the dimensions shown in Fig. 66, a sole plate 9 in. wide and 20 in. long will be 
required. These dimensions will be assumed for a trial section. From eq. (2), 


_ 219,000 
e, 713,420 


= 16.3 in.; and from eq. (4), with b = 9 in., and d = 20in., 


‘ ( 4 6X 16.3 
7 712X163 20 


The maximum compressive stress on the foundation is given by eq. (3) as 


- oak 6X Bhs: ‘S ‘ 
Bits a1 5 d/~ 9X20 Lr Stan = 442 lb. per sq. in. 


Assuming a concrete foundation, this fiber stress is allowable, for the working 
compressive stress in concrete is usually given as 650 lb. per sq. in. The stress 
in the anchor bolt is given by eq. (5) as 


Pd (6e _ )'= 13,420 X 20 /6 X 16.3 
24e\d 24163 20 


Since there is considerable initial tension in the anchor bolts due to the fact 
that they are screwed up tight when the structure is erected, and since the over- 
turning of the column tends to add to the initial tension, it is best to specify low 
working stresses for anchor bolts. An allowable stress of 10,000 lb. per sq. in. 

10,480 _ 
will therefore be used. The required area of anchor bolt is then 10,000 ~ 
1.05 sq. in. From the handbooks a 13g-in. round rod provides an area of 1.054 
sq. in. at the root of thread. 


= 12.05 in. 


ns 1) = 10,480 Ib. 


i a 
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Anchor bolts should be imbedded in the concrete to a depth such that the 
bond stress developed will equal the strength of the bolt. In this case 20 diame- 
ters of the bolt, or 2714 in., will be required. If a plate is used connecting the 
ends of the bolts, as shown in Fig. 75, the imbedment need not be as great as 
calculated above. All details of the column base and anchorage are shown on the 
general drawing of Fig. 75. 

The method of analysis given above, while not exact, is accurate enough for 
all practical purposes. A more exact analysis can be made by taking into account 
the relative deformations of the steel anchor bolt and the masonry foundation. 
If the foundation is made of concrete, the methods of analysis given for bending 


28-2 apL' 


is E 


= 
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and direct stress in the volume on “‘Structural Members and Connections’’ can be 
used. By this method the stresses in the concrete will be found to be a little 
greater than those given above, and the stress in the anchor bolt will be slightly 
less than before. 

The foundations for the columns are designed by the methods given in the 
section on Retaining Walls in the volume on “Reinforced Concrete and Masonry 
Structures.” The total moment to be carried at the base of the foundation is 
H(h + d) asshown in Fig. 70. Maximum pressures on the soil can be determined 
by the same principles as explained above for the case shown in Fig. 69. Equation 
(3) will give the desired pressures. By trial the width of base can be made of the 
width required to give the desired stresses. 

47. Design of Joints.—The principles governing the design of the joints are 
the same as used in the preceding chapter. Field splices will be provided at 
joints g and e of Fig. 62. The columns will be field spliced to the truss at joint a, 
and the knee-brace will be field spliced at both ends. Field splices will also be 
placed at corresponding points on the right-hand side of the truss. From the 
shearing and bearing values given in Art. 44, the single shear value of a shop 
rivet is 4,420 lb., and the bearing value on a 3¢-in. plate is 5,625 1b. Corresponding 
values for field rivets are 3,310 and 4,420 lb., respectively. Where a member 
is subjected to tension and compression, the connecting rivets are to be determined 
for the greater stress. 

All joints will be practically the same as for the truss designed in the preced- 
ing chapter, except joints f and a. At joint f the knee-brace must be connected 
to the gusset plate. As a field splice is to be provided and since the rivets are in 
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bearing on a 3¢-in. plate, the rivet value is 4,220 lb. The maximum stress in the 
knee-brace is 13,000-lb. compression, and rae = 3.08 rivets are required; 
three will be used. To provide for these rivets the gusset plate at f will be 
enlarged, as shown on the general drawing, Fig. 75. 
Figure 71 shows the conditions at joint a. Members a-b and a-f are connected 
by shop rivets, and the column is connected by field rivets. From Table 14, the 
16,030 


maximum stress in the upper end of the column is 16,030 1b. Hence 4420 — 4 
? 


rivets are required. Figure 71 shows 6 in place. 

The conditions at the foot of the knee-brace, where it is connected to the col- 
umn, are shown in Fig. 72. Three field rivets are required in the end of the knee- 
brace, the same number as calculated 
for this member at joint f. Two 
forms of connections to the column 
are shown in Fig. 72. In Fig. 72 
(a) is shown a form used when the 
column is laced above and below 
the kmee-brace. Extra rivets are 
used in the connection between the 
gusset plate and the column in 
order to secure a central connection 
for the knee-brace, thus avoiding 
excess stresses due to eccentric 
moments. 

Figure 72 (b) shows a detail in which a plate is used above the knee-brace 
because of heavy shears which cannot be provided for by means of lacing. In 
this detail the knee-brace is connected to the column by means of a pair of short 
angles riveted to the column angles. When the knee-brace is in tension, these 
rivets are subjected to a direct pull, and areintension. From Table 14, the maxi- 
mum tension in the knee-brace is 4;950 lb. As shown, 8 rivets are provided to 
take the component of the tension perpendicular to the column, which is 4,950 X 

94 4,160 


iillb * 4,160lb. The direct tension on each rivet is Sa bin 520 lb., which can 


safely be carried by the rivets. Where large stresses in tension are to be 
carried by the rivets, turned bolts should be substituted for the rivets. 

Figure 67 (d) shows another detail for this joint. It is a combination of the 
forms shown in Figs. 67 (a) and (b). As shown in Fig. 67 (d) the gusset plate and 
the web plate are connected by a small plate, by means of which the shear is 
transmitted across the joint. Where a web plate is used in Fig. 71 in place of 
lacing, a similar plate must be provided. In the case under consideration, the 
web plate is supposed to provide only for the shearing stresses. For large col- 
umns the web plate is often designed to carry moment as well as shear. The 
connection between web and gusset plate must then be designed for shear and 
moment. 

48. Design of Girts.—It will be assumed that the sides and ends of the building 
are to be covered with corrugated steel backed with a suitable anti-condensation 
lining. The siding will be supported by girts composed of rolled sections. As 
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stated in Art. 44, the unit wind pressure will be taken as 20 lb. per sq. ft., and the 
working stress in the girts will be 16,000 lb. per sq. in. 

The principles governing the design of the girts are similar to those given for 
the design of purlins in the chapter on Design of Purlins for Sloping Roofs. The 
girts are to be designed for a vertical load due to the weight of the girt and the 
siding and its lining, and a horizontal load due to the wind pressure. Corrugated 
steel of No. 24 gage will be used for the siding. From the data given in the chap- 
ter on Roof Trusses—General Design, the siding weighs 1.3 lb. per sq. ft., and 
the allowable safe span is 4.5 ft. It will be convenient in this case to divide the 
height of the building into six spaces, placing the girts 2% = 3 ft. 4 in. apart. 
On the sides of the building the columns are spaced 15 ft. apart, and the wall 
area carried by each girt is 15 X 314 = 50 sq. ft. Assuming that the anti-con- 
densation lining is composed of two layers of }{.-in. asbestos paper and two layers 
of tar paper backed by poultry netting, all of which weighs about 1.3 lb. per sq. 
ft., the weight of siding and lining is 1.3 + 1.3 = 2.6 lb. per sq. ft., and the total 
load per foot of girt is 2.6 X 3.33 = 8.66 lb. The wind load per foot of girt is 
20 X 3.33 = 66.7 lb. 

As shown in the chapter on Roof Trusses—General Design and in Fig. 75, 
girts are often made from channel sections placed with the web perpendicular to 
the siding, and they are attached to the columns by rivets in the flanges of the 
channel. When so placed, the discussion given in the chapter on Unsymmetrical 
Bending, in the volume on “‘Structural Members and Connections,” shows that 
the channel presents its axis of least moment carrying capacity to the action of 
the vertical loads. To relieve the heavy bending stresses thus induced, tie rods 
can be used extending vertically to the eave strut, or running diagonally from the 
top girt to the upper ends of the columns. It is not always possible to use tie 
rods due to interference with openings in the walls for doors and windows. When 
tie rods are used it is reasonable to assume that the girt takes the horizontal load, 
and that the tie rods provide for the vertical loads. Two designs will be made, one 
with tie rods, and the other without tie rods, assuming the girt to be a beam 
under unsymmetrical loading. 

Assuming that tie rods are used, and that the girt takes only the horizontal 
wind pressure, the total uniformly distributed load to be carried by a girt is 50 
X 20 = 1,000 lb. The moment to be carried, assuming simple beam conditions, 
is M = Wl = 1,000 X 15 X 12¢ = 22,500 in-lb. For a working stress of 
16,000 lb. per sq. in., the section modulus required is t Bik MI 

: c 7 16,000 
= 1.41 in.* If the least width of the section be limited to 149 of the span 
in order to avoid excessive deflection, the minimum allowable girt section is a 
5-in. 6.5-Ib. channel section. The size of the tie rod can be determined by the 
methods given in the chapter on Design of Purlins for Sloping Roofs. 

Consider now the case where tie rods are not used and the girt is subjected to 
unsymmetrical bending. Assume a 6-in., 8-lb. channel section as a girt. The 
total vertical weight of siding, lining, and girt is then 8.66 + 8.00 = 16.66 lb. 
per ft. for each girt. As given above, the horizontal wind load per foot of girt 
is 66.7 lb. The resultant of these loads, as shown by the force diagram of Fig. 
73, is 69.0 lb. Two cases will be considered, (a) moment due to resultant load 
of 69.0 Ib. per ft. of girt, and (6) moment due to vertical loading. For case (a) 
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the moment to be carried is 69 X 15 X 13¢ = 23,280 in.-lb., and S; = — = 


23,250 : 7 
16.000 = 1.45 in.’, and for case (b) M = 16.66 X 15% X 12g = 5,630 in.-lb., and 
? 


5,630 ; 
Se 16.000 ~ 0.352 in.* These values of S; and S2 are plotted in amount and 


direction to scale in Fig. 73 (6). In the same figure, the S-Polygon of a 6-in., 
8-lb. channel is shown, constructed by the methods explained in the chapter on 


4.3 ini 


Force Diagram (6) 


(a) 


Fig. 73. 


Unsymmetrical Bending in the volume on “Structural Members and Connections.” 
Since the plotted values fall inside the S-line for the assumed channel, the section 
is satisfactory, and it will be adopted. 

In practice, girt sections are used which are considerably smaller than the 
section arrived at in this design. Where theory and practice differ, as they do in 
the case under consideration, the designer must rely upon his experience and 
judgment in making a choice of the sections to be used for the girts. In this 
case, theory will be assumed to govern, and the adopted details will be as shown in 
Fig. 75. 

49. Design of Bracing.—The design of the bracing will be governed by the 
adopted arrangement, which in turn is governed by the layout of the building. 
A general discussion of the form of bracing for buildings composed of knee- 
braced bents has been given in Art. 9. 

To illustrate the general methods for the design of the bracing of a knee-braced 
building, it will be assumed that the structure under consideration in this chapter 
consists of 7 bays of 15 ft. each, as shown in Fig. 74. Two arrangements of 
bracing are shown in Fig. 74. In Fig. 74 (a) (b), and (c) the framing for the 
end of the building consists of vertical posts to which the girts are attached. 
Bracing in the plane of the top chord, the bottom chord, and the planes of the 
columns is provided for two pairs of trusses. Wind loads from the ends of the 
building are brought to the lateral trusses by means of rigid bracing. Unbraced 
bents are connected by means of a line of struts at points g and g’ of Fig. 62, by 
struts at the eaves, and by a line of struts at the ridge. 

Figures 74 (e), (f), and (g) show an arrangement wherein knee-braced bents are 
placed at the ends of the building. These end bents are made the same as the 
others, so that future extensions in the length of the building are readily made. 
The figures show the position of the other bracing. As the design methods for 
the two arrangements are similar, detailed calculations will be given only for the 
arrangement of Figs. 74 (a) to (d) inclusive. Both of the arrangements for end 
bracing shown in Fig. 74 are used in practice. The arrangement of Figs. 74 (a) to 


240 STEEL AND TIMBER STRUCTURES fSec. 2-49 


(c) is probably cheaper than the one shown in Figs. 74 (e) to (g), for in the first 
arrangement all of the members are simple beams composed of rolled sections, 
such as I-beams or channels. Very little shop work is required on these members. 
In the second arrangement, the same amount of shop work is required as for the 
other knee-braced bents, for all are made alike. This shop work costs several 
times as much as that for the first arrangement. The ease with which the 
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building can be extended is about the same in both cases. When the entire end 
of the building is to be opened at certain times, the second arrangement is 
preferable. 

In general the design of the bracing for a structure composed of knee-braced 
bents consists in the determination of the wind loads applied to the sides and ends 
of the building, and in the provision of bracing of suitable size so located as to 
transmit the applied loads to the foundations of the structure. The knee-braced 
bents provide the proper resistance to wind on the sides and roof of the structure. 
Provision for these loads has already been made in the design of the preceding 


~ 
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articles. In the first arrangement shown in Fig. 74, diagonals placed in the plane 
of the ends of the structure provide for the loads not carried directly by the knee- 
braced bents. All wind loads applied to the ends of the building are provided 
for by the bracing shown in Figs. 74 (b) and (c), or in (f) and (g). 

In the arrangement of end framing shown in Fig. 74 (a), the siding and girts are 
carried by vertical I-beams supported by the foundation at the base; by a member 
running across the end of the building at the height of the eaves, shown by the 
dashed line from A to A; and by a rafter at the roof line. These beams are to 
be designed to carry the wind loads brought to them by the siding. The dead 
load effect, which is a vertical load, is small and can be neglected. As shown in 
Fig. (a), the end of the building is divided into four equal parts of 12.5 ft. each by 
vertical beams. Considering each vertical member as a simple beam supported 
by the foundation and the strut A-A, the effective span is 20ft. If the reduced 
wind loading of 20 lb. per sq. ft. is used, the load to be carried per foot of vertical 
height is 20 X 12.5 = 250 lb., and the bending moment is M = kk wl? = Kk X 
250 X 20? X 12 = 150,000 in.-lb. For a unit stress of 16,000 lb. per sq. in., 
which corresponds to the reduced wind load of 20 lb. as stated in Art. 44, the 
section modulus required is d = 7 ule 9.38 in. From the steel 
handbooks, a 7-in., 15-lb. I-beam is required. The same section will be used 
for all members. The rafter A-H-D is designed by similar methods, using the 
total load to be carried by the roof. 

The exact distribution of the wind load brought to the end of the building 
between the bracing in the plane of the roof and the plane of the lower chord is 
indeterminate. It will be assumed that the load on the lower half of the building 
is carried directly to the foundations. In Fig. 74 (d), the area under con- 
sideration is that below the line a-a. The balance of the loads will be assumed as 
carried at points A, B, C, D, and EF in proportion to the areas tributary to these 
points. Figure 74 (d) shows the assumed distribution of areas. The numbers show 
the areas tributary to the several points. At 20 lb. per sq. ft., the loads brought 
to the several points are as shown on Figs. 74 (b) and (c). The load of 1,560 1b. at 
the apex of the truss is assumed to be carried along the ridge strut to the two sets 
of bracing in the plane of the top chord. If this bracing be assumed to be com- 
posed of members capable of carrying tension only, there are four members in 


: ; 1 
position to take the load. The stress in each member is then 41,560) sec 0 


where 6 = angle which the member makes with the direction of the wind. In 
this case the panels of bracing extend over two panels of the top chord, of 14 ft., 
(144 15") 8 


and the trusses are 15 ft. apart. Therefore, sec @ = SAT REE 1B i. 

fants 1.37 
The stress in the members of the upper panel of bracing is then 1,560 X 4 
= §35 Ib. 


The bracing in the lower panels of the top chord bracing must carry the loads 


at points E and D of Fig. (a), or 1,560 + 780 + 780 = 3,1201b. As before, four 


‘ : 1.37 
members carry this load, and the stress in each member is 3,120 X in 


= 1,070 lb. 
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The stresses in the bracing, as calculated above, areall verysmall. A single 
244- X 2- X \4-in. angle, the minimum allowable under the conditions of Art. 
42, is sufficient for all members. The details of the bracing are shown in 
Fig. 75. r 

The loads acting on the bracing in the plane of the lower chord are shown in Fig. 
74 (c). These loads are distributed to the bracing by means of struts connecting 
points B, Cand b,c. As the loads are small, the size of the struts will be deter- 


mined by! conditions. The length of strut Bb is (12.52 + 152)* = 19.5 ft. As 


: l 
the stresses are very small it is reasonable to allow a maximum value of man 175. 


Then r = 19.5 X as = 1.34 in. From the steel handbooks two 4- x 3-X 
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Fie. 75.—General drawing of knee-braced roof truss. 


54-in. angles with the 4-in. legs separated by a 3¢-in. space have an r of 1.3 in. 
This section is considerably larger than the one used in practice. For the same 
reasons as given at the close of Art. 48, the above design will be adopted, as shown 
in Fig. 75. 

The load at points c of Fig. 74 (c) is brought to this point from joints B and C 
by the struts Ce and Be. From the conditions at points C, it can be seen that the 
two struts Cc each have a component of stress parallel to the load which is equal 
to one-half of the load. Similar conditions hold for struts Bb and Bc at joint B. 
Therefore the load brought to point C is 14 (3,660 + 3,280) = 3,9701lb. Assum- 
ing that the diagonals carry tension only, and that the loads are carried by the 
diagonals in both sets of bracing, the stress in members b-d is 14 X 3,970 X sec 
6 = 3,180 lb. The minimum section, which is a 24g- X 2- X 14-in. angle, will 
furnish sufficient area. The lines of struts connecting the two panels of bracing 
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in the plane of the lower chord will be made of the section as used for struts 
Ce, ete. 

Figure 74 (b) shows the bracing in the plane of the columns. All of the wind 
load above the line a-a of Fig. (d) must be carried to points A, and thence by the 
eave strut to the two panels of bracing. As shown in Fig. (0), the load to be 
carried by each set of column bracing is 8,120]b. Assuming that members take 
tension only, members a-b each have a stress of 144 X 8,120 X sec 6 = 7,650 lb. 
A 2}6- X 2- X 14-in. angle will provide sufficient area. In some cases rods are 
used in place of rolled sections. When rods are used they are fastened to a 
gusset plate by means of a clevis. Some designers consider rods preferable to 
rolled shapes because the erection in the field is somewhat simpler than for riveted 
joints. 

The eave strut, shown in Fig. 75, is composed of four angles laced to form a 
rigid member. As a rule these members are not designed for any definite stress, 


l My 
but are made up to answer . conditions. 


Complete details of the structure designed in the preceding articles are given 
on the general drawing of Fig. 75 


ARCHED ROOF TRUSSES 


50. Form of Arch Trusses.—Roof trusses of the type designed in the preceding 
chapters do not in general provide an economical structure for spans exceeding 
100 ft. A more economical type of roof truss for long span trusses is provided 
by the arch type. As stated in Art. 1 of the chapter on Roof Trusses—General 
Design, an arch is a type of framed structure in which the reactions at the 
supports are inclined to the vertical for all conditions of loading. 

Arches used for roof trusses are usually classified according to the method of 
supporting the structure, and according to the type of framing. As arches are 
commonly supported at the abutments by means of pins, which are known as 
hinges, the method of supporting the arch is designated by the number of hinges 
used. In Fig. 76 (a) is shown a type of arch which is rigidly fastened to the 
abutments without the use of hinges. This is known asa hingeless arch. Figure 
76 (b) shows a type in which two hinges are used, one at each abutment. This is 
known as a two-hinged arch. In many cases a third hinge is provided at the 
crown of the arch, as shown in Fig. 76 (c). This is known as a three-hinged arch. 

In general, two types of framing are used for arched roof trusses. A very 
common type consists of a trussed framework of the form shown in Fig. 76 (d). 
This type is known as a braced arch. The type shown in Fig. 76 (e) is a plate 
girder form, which is known as a ribbed arch. 

An arched roof truss is generally designated by a combination of the two 
classifications given above. Thus Fig. 76 (d) shows a two-hinged braced arch. 
Other classifications are in use, but the one described above is widely used, and is 
comparatively simple. 

A great variety of arch trusses have been used in building construction. 
Many of these structures are described in architectural and engineering periodicals. 
Examples of arches of the several types given above will be shown and the relative 
advantages of the several types will be discussed. In general it can be said that 
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an arch truss requires rigid and practically unyielding abutments, since arches, 
with the exception of the three-hinged type, are statically indeterminate, and any 
yielding of the supports will result in large changes in the stresses in the members. 

Hingeless arches supported directly on the abutments, as shown in Fig. 76 (e), 
are seldom used in building construction. This type of arch requires absolutely 
rigid supports, a condition which is difficult to realize in practice. In framing the 
roofs for some of the recent large terminal railway stations, arch trusses are used 
which are riveted to heavy columns. As the columns are very heavy, they form 
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practically a rigid support for the arch, which can therefore be assumed as a 
hingeless arch. 

The two-hinged type of arch is used to great advantage where a comparatively 
rigid structure is desired—as, for example, where floors are to be supported over 
a large drill hall or auditorium. This type of construction is used in the Armory 
and Gymnasium of the University of Wisconsin. Figure 77 shows a cross-section 
of the building and the general outline of the arch trusses. 

Two-hinged arches require rigid supports, but, due to the fact that hinges are 
supplied at the supports, the moment at these points is zero. Hence the abut- 
ments can be designed for direct thrust only. If the foundation conditions are 
uncertain, or if the points of support are considerably above the ground level, as 
shown in Tig. 77, the horizontal components of the reactions can be taken by 
means of a tie rod which connects the two end hinges. In Fig. 77, this tie rod is 
placed just under the floor. Where tie rods are used, it is usual to anchor one end 
of the arch to the abutments, and to place the other end on sliding plates or on 
rollers. In this way the abutments can be designed to take up the vertical loads, 
and the tie rod can be designed to take up the horizontal forces. 

Three-hinged arches are somewhat more flexible than arches of the other types 
and are used advantageously for structures in which only a roof load is to be 
carried. Arches of the three-hinged type are statically determinate—that is, 
all stresses can readily be determined by the methods of simple statics. In this 
respect they have a great advantage over the other types, as the work required in 
stress calculation is greatly simplified. 
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Many three-hinged arches of long span have been constructed in recent years 
for use in drill halls, auditoriums, and exposition buildings. A typical three- 
hinged arch construction is used in the drill hall at the University of Illinois. This 
structure is described in the Eng. News for Dec. 11, 1913, p. 1182. Figure 78 
shows the form and general dimensions of the arches. 

In buildings in which a large floor is surrounded by galleries, the members of 
the arch frame interfere with free passage along the gallery, as shown in Fig. 


MOLI 


Fic. 77.—Section of gymnasium and Fic. 78.—Drill hall, University of Illinois. 
armory, University of Wisconsin. 


79. This difficulty has been avoided in certain structures by placing the arch on 
cantilever brackets above the gallery level. A structure arranged in this manner 
is described in Eng. News, vol. 63, no. 18. 

The spacing of arch trusses to be adopted in a given structure should be rather 
wide. Since in general the trusses are quite heavy, and since considerable shop 
work is required, the cost of the trusses per square foot of covered area is large. 
Therefore, to obtain economical conditions a wide spacing of trusses must be 
used, as shown by the discussion given in the chapter on Roof Trusses—General 
Design. In general, a truss spacing of from 25 to 40 ft. is used. This spacing 
requires the use of framed trusses between the arches. These trusses act as pur- 
lins, and also form part of the bracing required for the arches. The design of the 
purlins and the roof covering is carried out by the methods 
used in the preceding chapters. . 

The shape of an arch truss is generally determined by 
the architectural features of the structure. From the stand- 
point of the structural designer, it is desirable that the adopted 
form of the arch be one that can readily be laid out. This 
assists greatly in the preparation of the stress diagrams and 
the working drawings. A form of arch whose outline is com- 
posed of circles, or a combination of circles, is desirable from 
this standpoint. 

Suppose that in a given case it has been decided that an arch composed of 
circles is to be formed to pass through the points A, B, C, D, and E of Fig. 80. 
Suppose further, that AB is a single arc, and that EC is composed of two arcs 
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which are tangent at D. Formulas for the determination of the required radii 
will now be given. These formulas are all based on propositions given in plane 
geometry, to which the reader is referred for proofs. 

From plane geometry, the formula for the radius of a segment of a circle, for 
which the chord and the rise or mid-ordinate are known, is 

; (34 chord)? + (rise)? 
Radius = 2 &X (rise) 

As stated above, AB is the arc of a circle. Figure 80 shows that 44 chord = 
AK, and rise = BK. These distances can be scaled from a layout of the arch, 
or calculated from given data. Hence 
_(AK)? + (BK)? 


- 2BK 

In the same way, the radius of the are DC is 
rp, — (PE) + (CL)? 

VAs 2CL 


Since arcs DC and DE are tangent, the center for are DE lies at G, a point on radius 
DF. The value of R» can be calculated by methods similar to those used above. 
In general, the rise of the arc ED is so small 
that it can not be scaled with sufficient 
accuracy. However, by measuring the 
vertical and horizontal projections of the are 
DE and the angle @ included between the 
radius DF and the vertical, easily measured 
distances are obtained. For the distances 
given in Fig. 80, it can be shown that 
(EM)?+(MD)? 
Dcosa—EMsina 


sii 


Many different arrangements of web 
members are used in framing a braced arch. 
Two common methods are shown in Fig. 80. 
In Fig. 80 (a) the web struts are placed on 
the radii of the chord members. In some 
eases the radii of the top chord are used; in 
others the radii of the lower chord are used; 
and in a third case the radii of an arc half 
way between the two chords are used. 

Fic. 80. Figure 80 (b) shows a case in which these 

members are placed in a vertical position. 

In Figs. 80 (a) and (b), the other web members are placed at about 45 deg. to 
the struts. The panel lengths are usually arranged so that this is possible. 

The adopted arrangement of truss members will depend to some extent on 
the type of roof framing which is to be used. If the purlins are seated on the top 
of the upper chord members, either arrangement can be used. In general this 
implies comparatively close truss spacing so that rolled shapes can be used as 
purlins. If deep trussed purlins are used, it is desirable that they be placed in 
a vertical position. Hence a framing with vertical members is best adapted to 
this construction. 
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51. General Methods for Determination of Reactions and Stresses.—The 
several types of arch trusses will be considered in the order determined by the 
difficulties encountered in the determination of the reactions. This order is (a) 
three-hinged arches, (b) two-hinged arches, and (c) hingeless arches. 

The calculation of reactions and stresses in arch structures can be made either 
by algebraic or by graphical methods. In general, graphical methods will be 
found preferable, for the calculation of the lever arms of members and forces 
in the algebraic method requires considerable time. However, in many cases 


Fig. 81. 


these lever arms can be scaled with sufficient accuracy from a large scale drawing 
of the truss. Under such conditions, the two methods require about the same 
amount of time. In the work to follow, algebraic and graphical methods will be 
given for the solution of reactions and stresses. 

51a. Three-hinged Arches. Algebraic Solution for Reactions.—Let 
Fig. 81 represent a three-hinged arch acted upon by loads Pi, Po, and P3. It 
will be assumed that the points of support, A and B, are on thesame level. The 
reactions at A and B can be represented by two forces at each point. Let Hi, 
V1, and He, V2 represent these forces, assumed to act as shown. 

At first sight, the problem is indeterminate, for there are four unknown forces 
present, and as stated in the chapter on Principles of Statics in the volume on 
“Stresses in Framed Structures,” only three unknowns can be determined in any 
system of non-concurrent forces. However, the introduction of a hinge at the 
crown, point C of Fig. 81, reduces the moment at this point to zero. This can 
be made the basis of an independent moment equation. This equation, together 
with three equations derived from the conditions of equilibrium, gives rise to 
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four independent equations from which the reactions can be completely 
determined. 

In applying the four independent equilibrium conditions stated above to the 
determination of the reactions for the conditions shown in Fig. 81, it will be found 
convenient to use moment equations about A and B, considering the structure 
as a whole. Thus from moments about B equal zero, we have 


Vil — Pic — Pod — P3e = 0 


. from which 
Pic + Pod + Poe 
Vi= omen T pitas 
In general terms, this can be written 
4-22 (1) 


where P = any load, xz = distance from moment center B to this load, andl = 
span length. The value of V2 is given by a similar moment equation about point 


A, from which 


V2 = (2) 


where x, is the distance moment center A to any force P. 

On separating the structure at the crown, as shown in Figs. 81 (c) and (6), 
and writing a moment equation about point C for the forces on the left of the 
point, as shown in Fig. 81 (b), we have 


+ Via — Pik — Pog — Hh = 0 
from which 


Via—Pyk—P 
ae 1a ‘ 6 ig (3) 


In the same way, moments about C for loads on the right side of the crown, as 
shown in Fig. 81 (c) gives 


+V.2b — Psf — Heh 
from which 
Vob —P 

Hy ES —_— a (4) 
If a check on the calculated values is desired, it can be obtained by summation of 
vertical and horizontal forces for the structure as a whole, from which 


V, + V2 = 2P cos 6 
and 
H, — H,= DP sin 0 


where P is any load and @ is the angle between the line of action of this load and 
the vertical. Equations (1) to (4) are general, and can be applied to any load- 
ing conditions. 

In calculating the stresses in the members of the arch, the forces acting on 
the crown hinge must also be known. These forces can readily be calculated for 
the conditions shown in Figs. 81 (b) and (c) as soon as the reactions at A and B 
are known. 

Graphical Solution for Reactions—Graphical solutions are based on the fact 
that zero moment at any point indicates that the resultant of the forces on either 
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side of the point must pass through the point in question. Since the equilibrium 
polygon for any set of forces represents the action line of resultants on either side 
of a point, and since hinges are assumed to be points of zero moment, it follows 
that the equilibrium polygon drawn for the loads on any three-hinged arch must 
be made to pass through the three hinges. The solution of this problem therefore 
consists in passing an equilibrium polygon through three given points. Several 
typical cases will now be considered in detail. 

The work which follows is based on the principles of graphic statics given in 
the chapter on Principles of Statics in the volume on “‘Stresses in Framed Struc- 
tures.’”’ Therefore, construction methods for the several cases will be explained, 
but, in general, proofs will not be given for these methods. 


Fie. 82. 


Single Load on One Arm of Arch.—Figure 82 (a) shows a single vertical load on 
one arm of a three-hinged arch. Since there is no load on the right-hand arm of 
the arch, and since, as stated above, the line of the resultant forces passes through 
the hinges, it is evident that the reaction R» acts along a line connecting hinges 
B and C, as shown in Fig. 82 (a). Also, since the structure under consideration 
is in equilibrium, the resultant of the forces on either side of load P must meet 
at a point on the action line of the load. Therefore, to find the direction and posi- 
tion of the action line of R:, produce CB to an intersection with P at point D, 
and connect A and D. The position and direction of R; and RR: are then 
completely determined. : 

To determine the amount of R; and Re, construct a force diagram, as shown in 
Fig. 82 (6). Lay off foree P in amount and direction to any scale. By the 
methods given in the volume on “Stresses in Framed Structures,” resolve P into 
components parallel to the action lines of Ri and FR, as given in Fig. 82 (a). 
The resulting forces give the amount of the reactions, which are thus completely 
determined. If values corresponding to H,, Ho, Vi, and V»2 of the algebraic 
solution are required, they can be determined by resolving R; and FR» of Fig. 82 
(b) into their vertical and horizontal components. Figure (c) shows the construc- 
tion for a single horizontal load. 
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Any Set of Loads.—Figure 83 (a) shows a three-hinged arch supported by 
hinges at A, B, and C and carrying a set of inclined loads on both arms. The 
complete solution for the reactions at A and B requires that an equilibrium 
polygon for the applied loads be passed through points A, B, and C. 

Construct a force diagram for the applied loads, as shown in Fig. 83 (b). As 
the location of the pole for an equilibrium polygon which will pass through the 
three given points is not known as yet, it must be determined by cut-and-try 
methods. Assume any pole, as O’ and construct the corresponding equilibrium 
polygon. All lines for this construction are shown dotted in Figs. 83 (a) and (6). 
In constructing this equilibrium polygon begin with the string which passes 
through the point C. For the case under consideration, this is a line parallel 
to O’d of Fig. 83 (0). 

Assume for the purpose of this discussion that the applied loads are divided 
into two groups composed of the loads on either side of point C—that is, loads 
P,, Ps, Ps in one group, and P4 and P; in another group. Determine the direc- 
tion of the resultants of these two groups. The line a-d of Fig. (6) shows the 
direction of the resultant for P1, P2, and P;, and d-f shows the direction of the 
resultant of Psand Ps. In Fig. (a) draw through points A and B lines A-D and 
B-E parallel respectively to a-d and d-f of Fig. (b). Draw the closing lines 
D-C and C-E of Fig. (a) for the equilibrium polygons for the two groups of loads, 
pole at O’. In Fig. (b) draw lines O’F and O’G parallel respectively to D-C and 
C-E of Fig. (a). This operation is equivalent to assuming that the two groups 
of loads are supported at points A and C for the left-hand group and C and B 
for the right-hand group by forces parallel respectively to the resultants of the 
two groups. 

From the principles of graphic statics it can be shown that while an infinite 
number of equilibrium polygons can be drawn through point C for the conditions 
shown in Fig. (a), in all of these polygons the last string for each group and its 
closing line will always intersect on the lines A-D and B-E produced. Also, 
points KF and G of Fig. 83(6) locate the points of load divide for A and C and for 
Cand B. The position of these points will always be the same, regardless of the 
assumed location of the pole 0’. Hence these statements also hold true for the 
equilibrium polygon for points A, B, and C, in which case the intersection of | 
last strings and closing lines is at points A and B of Fig. 83(a). Therefore A-C 
and C-B are the closing lines for the required equilibrium polygon. 

To locate the pole of the required equilibrium polygon, in Fig. 83 (6) draw 
F-O and G-O parallel respectively to A-C and C-B of Fig. 83 (a). Point O of 
Fig. 83 (6), the intersection of F-O and G-O, is the required pole, and the full 
line equilibrium polygon of Fig. 83 (a) passing through points A, B, and C is the 
required polygon. The direction of the reactions at A and B is given by the 
last strings of the true equilibrium polygon, produced, as shown in Fig. 83 (a), 
and the amount of the reactions is given to scale by the corresponding forces 
in Fig. 83 (b). Thus R, is given by O-a and R2 is given by O-f. 

Where the applied loads consist of a set of parallel vertical forces, all of which 
are unequal in amount, the construction of Fig. 83 can also be used. A somewhat 
simpler solution for this case is shown in Fig. 84. Again assume any pole, as 0’ 
of Fig. 84 (b), with a pole distance H;. Construct the corresponding equilibrium 
polygon, which is shown by the dotted lines of Fig. 84 (a). Measure the vertical 
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intercept, y of Fig. 84 (a), between the string of the equilibrium polygon which 
passes through C and the closing line D-E. 

From the principles of graphic statics, the moment at C due to vertical forces 
to the right or left of the point is M, = Hyy, where H; = pole distance, and y = 
the intercept described above. Consider the corresponding value for the equilib- 
rium polygon through points A, B, and C, as shown in Fig. 84 (a). The closing 
line is A-B, the equilibrium polygon passes through point C, and the vertical 


Fie. 84. 


intercept is h, the height of the crown hinge above hinges A and B. If H be 
the true pole distance, M. = Hh. But the moment about C is a constant and 
hence the two expressions for M, given above are equal. Therefore on equating 
the above expressions, the value of the true pole distance H can be determined. 
On equating these expressions for M, we have, Hiy = Hh, from which, H = 
Ay 

h. 

A graphical solution of this equation is shown in Fig. 84 (c). To obtain the 
value of H, draw a set of rectangular axes 2-4 and 2-5. On the horizontal axis 
lay off the value of Hi, represented to scale by 2-5, and on the vertical axis lay 
off y = 1-2 and h = 2-4. Connect points 4 and 5, and_ through 1 draw 1-3 
parallel to 4-5. Then H = 2-3 to the same scale as Hj. 

To locate the true pole O in Fig. 84 (b) draw through O’ a line O’-F parallel 
to D-E, the closing line of the dotted equilibrium polygon of Fig. 84 (a). Then 
F of Fig. 84 (6) is the load divide point of the vertical forces. Since the closing 
lines for all poles intersect at point /, and since the closing line for the true 
polygon is a horizontal line, draw from point F a horizontal line. Lay off on this 
line F-O = H of Fig. 84 (c). Point O of Fig. 84 (6) is the required pole. The 
full line equilibrium polygon of Fig. 84 (a) shows the required polygon. Figure 
84 (a) shows the direction of the reactions R, and kz Their amount is shown in 
the force polygon of Fig. 84 (0). 

A special case of vertical loading, in which equal loads are symmetrically 
placed with respect to the crown hinge, is shown in Fig. 85, Since the loads are 
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symmetrically placed with respect to the crown hinge, only half of the force dia- 
gram and the equilibrium polygon need be drawn, since it is known that the string 
of the equilibrium polygon passing through point C is horizontal, as shown in Fig. 
85 (a). Draw the force polygon for the loads to the left of the center, as shown 
in Fig. 85 (b). Choose a pole O’ and draw an equilibrium polygon, shown by 
the dotted lines of Fig. 85 (a). Since the loads are symmetrical about the center 
hinge, the closing line of the trial equilibrium polygon will always be horizontal. 
Therefore, O’ is to be located on a horizontal line through point d of Fig. 85 (0). 
Produce A-E and D-E, the first and last strings of the equilibrium polygon, to 
an intersection at point E of Fig. 85 (a). This locates a point on the line of action 
of the resultant of the group of loads to the left of the crown hinge. This resul- 
tant is shown by RF in Fig. 85 (a). Since the first and last strings of the equilib- 
rium polygons drawn for any pole will meet on the line of action of R, the true 
pole can be located as follows: Through hinge C draw a horizontal line C-F 
intersecting R at F. This line is the last string of the equilibrium polygon 
through points A, B, and C. Connect A and F. The resulting line is the first 
string of the required equilibrium polygon. RP 
To locate the true pole in Fig. 85 (bd), 
draw from point a a line a-O parallel to 
A-F of Fig. 85 (a). Then O of Fig. 85 Pp 
(b) is the required pole. The true j 
equilibrium polygon is shown by the full@ Ps 
lines of Fig. 85 (a). \ 
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Figure 86 shows a three-hinged arch supporting loads on one arm only. Since 
there are no loads on the right-hand side of the arch, the direction of R is given 
at once, as shown in Fig. 86 (a). The construction is the same as for Fig. 82. 
Construct the force polygon of Fig. 86 (b) and choose a pole 0’. Since the last 
string of the equilibrium polygon must pass through C and B of Fig. 86 (a), the 
pole O’ of Fig. 86 (b) should lie on a line c-O’ which is parallel to B-C of Fig. 86 
(a). Construct an equilibrium polygon for pole 0’. This polygon is shown by 
the dotted lines. Begin the construction at point D, and close on a line A-E, 
which is parallel to the resultant of the applied loads. Line a-c of Fig. 86 (b) 
shows the direction of this resultant. The closing line of the polygon is E-C 
of Fig. 86 (a). In Fig. 86 (b) locate the load divide point G by drawing through 
O’ a line O’-G parallel to the closing line E-C of Fig. 86 (a). To locate the true 
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pole for an equilibrium polygon through A, B, and C, draw from point @ of Fig. 
86 (b) a line G-O parallel to A-C of Fig. 86 (a). Point O of Fig. 86 (b) is the 
required pole. Figure 86 shows the required construction. 

This problem can also be solved by assuming that the applied loads are 
replaced by their resultant R. Assume a pole O’ as before and locate the position 
of Rk. The construction is shown by the dotted lines of Fig. 86 (a). By apply- 
ing the same principle as used in Fig. 82 for a single load, the direction of R, can 
be determined at once, for the action line of Ri meets the resultant R at F, a 
point on B-C produced. 

Temperature Stresses——The changes in the reactions and stresses in three- 
hinged arches due to changes in temperature are so small compared to the stresses 
due to direct loading that they are usually neglected. It will be found that the 
effect of temperature changes on a three-hinged arch is to increase or decrease 
the dimensions of the structure, depending on the character of the change. If 
the abutments are rigid, the change in dimensions results in a rise or fall of the 
crown hinge. If a tie rod is used, so placed as to be protected from sudden 
changes of temperature, a similar effect is produced. When the tie rod is exposed 
to the same conditions as the truss, both crown and abutment hinges change 
position. However, it can be shown that assuming very severe conditions, the 
changes in dimensions will not exceed 0.1 per cent of the principal dimensions of 
the structure. Hence temperature changes can be neglected. 

51b. Two-hinged Arches.—The reactions at the points of support 
for any two-hinged arch can be represented by four unknown forces, as shown in 
Fig. 87 for a braced arch. Since there are four unknowns to be determined and 
only three independent equilibrium equations are available, another independent 
condition must be at hand from which a fourth equation can be formed. In 
structures of the two-hinged type, the fourth condition equation is made to depend 
upon the elastic deformation of the arch. This elastic deformation is therefore 
dependent upon the form of the arch, the sizes of 
all members, and the conditions of the end supports. 
Where rigid supports are provided, an equation is 
formed which states that the horizontal movement 
of one support with respect to the other is zero. 
If the resistance to horizontal forces is provided 
by a tie rod connecting the two supports, it is 
usual to anchor one end of the arch truss to the 
foundations and to place the other end on rollers 
or asliding plate. For this construction the move- 
ment of one support with respect to the other is 
placed equal to the extension of the tie rod. The method outlined above will be 
applied to two-hinged arches of the braced and ribbed type. 

Reactions for a Two-hinged Braced Arch.—Figure 87 shows a two-hinged 
braced arch with a tie rod connecting the hinged points of support. It will be 
assumed that support Bis anchored to the foundations and that support A is placed 
on rollers. Assume that the structure carries the loads P1, Ps, and Ps, acting as 
shown. Applying the three conditions of static equilibrium to the structure of 
Fig. 87, we have 
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Pr (5) 
Vo _— Te OF: 
l 
and 
H, — H,2= =P sin 0 (6) 


In these equations P = any load, zx, and zg = perpendicular distance from any 
load to A and B respectively, 6 = angle which any load makes with the vertical, 
and / = span between hinges. 

The fourth independent equation is made to depend upon the elastic defor- 
mation of the arch. As stated above, the movement of point A with respect to 
point B is to be placed equal to the extension of the tie rod. This movement can 
be calculated by methods for the determination of the deflection of framed 
structures given in standard works on bridge stresses.1_ From these works, the 
deflection of any point in a framed structure is given by the formula 


aie yee (7) 


where D = deflection of any point; S = stress in any member due to the applied 
loads; u = a ratio which is equal to the stress in any member due to a 1-lb. load 
applied at the point whose deflection is desired and in the direction of the desired 
deflection; 7 = length of any member; A = its area; and EH = modulus of 
elasticity of the material of which the structure is built. 

In the case under consideration, the tie rod is a tension member. Hence the 
movement of point A is to the left. The 1-lb. load used for the determination of 
values of u is to be applied horizontally at point A and acting to the left. It is 
assumed that the tie rod is removed when values of wu are calculated. 

Let H; = stress in the tie rod, and let A:, l:, and E; = respectively, the area, 
length, and the modulus of elasticity of the material for the tie rod. The exten- 
sion of the tie rod under a stress Hj, is then Hl:/A:H:. Placing the extension of 
the tie rod equal to the horizontal movement of point A, as given by the general 
equation for deflection, we have 


Ag* ig, A 
In this formula, S is the stress in any member of Fig. 87. This stress can not be 
determined until H; is known. However, S can be expressed in terms of H; and 
the stress in any member of the arch of Fig. 87 with the tie rod removed. This 
can be done in the following manner: Remove the tie rod and calculate the 
stresses in all members of the statically determinate arch truss thus formed. 
Let S’ denote this stress for any member. Since H; and u have the same line of 
action, it is evident from the definition of u given above that the effect of H; on the 
stress in any member can be expressed by a term of the form —Hyu. The 
minus sign is used because by definition the 1-lb. load acts to the left with respect 
to point A, while H, is a tension and therefore acts to the right with respect to 
point A. This difference in direction can be accounted for by the use of a minus 
sign. We then have 
S = S’ — Hw (9) 


1See Jounson, Bryan and TurNEaurRp, “Modern Framed Structures,” Parts I and II, 
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Substituting this value of S in eq. (8) 
S11 l Ay, 
(ae — ag) = a, 
Solving this equation for Hj, the stress in the tie rod is found to be 


Dae 
A, = ———_— 
sts ee 
AE AE, 
In substituting in eq. (10), close attention must be paid to the signs of the stresses 
S’ and u. It will be best to use plus for tension and minus for compression. 
When S’ and wu are multiplied, like signs result in plus values, and unlike signs 
result in minus values. If the signs have been correctly handled, the sign of the 
result will indicate the direction of Hi. A plus sign indicates that the arrow in 
Fig. 87 acts as shown, and a minus sign indicates that H; acts in the opposite 
direction. 
With eq. (10), and eqs. (5) and (6) given above, the reactions can be deter- 
mined for an arch with a tie rod. If the hinges are supported by rigid abutments, 
the effect is equivalent to a tie rod of infinite area. For this condition, the term 


(10) 


ae is zero, and eq. (10) becomes 
Sl 
_ “AE” 
l 
Yan” 
Again, if no tie rod is provided, and if the abutments do not provide lateral support, 
A, can be taken equal to zero. For this condition the denominator of eq. (10) 
becomes infinite and hence H; = 0, or, Fig. 87 is a simple span. 

It will be noted in eq. (10) that the value of H,is dependent upon the form of the 
arch truss, as indicated by S’, wu, and J, and also upon the size of the members, as 
indicated by A. Therefore, before H; can be determined for a given arch, the 
areas of the members must be known, or they must be assumed. If the structure 
to be designed is similar in size and loading conditions to an existing structure, it is 
possible to draw some conclusions regarding the probable size of members for the 
proposed structure. When this information is not available, a preliminary design 
can be made, using a value of H, determined on the assumption that all members 
have the same area. Stresses in all members can then be determined by methods 
to be presented later in this article. After the stresses have been determined, 
members can be designed to fit these stresses. Using the areas thus determined, 
another calculation for H, can be made, the stresses in the members recalculated, 
and the members redesigned, if necessary. Usually it will be found necessary 
to make only one complete design following the preliminary design. 

Effect of Temperature Changes on a Two-hinged Braced Arch.—The reactions 
at the points of support of the two-hinged arch of Fig. 87 due to changes in tem- 


Ay 


s atts van S'l 
perature can be determined by substituting in place of the term aa of eq. 


(10) an expression for the change in the distance between points of support due to 
the given temperature change. Assume that the structure of Fig. 87 is supported 
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by rigid abutments at A and B. Suppose that the temperature rises ¢ degrees. 
If the coefficient of linear expansion of the material of which the arch is con- 
structed is c¢ per unit of length, the change in the distance from A to B is + ctl. 
If H, denote the horizontal reaction at A, we have from eq. (10), 
+ctl 
H, 


= Se (11) 


The plus sign is to be used for a rise in temperature, and the minus sign is to be 
used for a fallin temperature. For a rise in temperature H, and H2 act asshown 
in Fig. 87; for a fall in temperature they act in opposite directions. It is to be 
noted that for temperature changes, Vi = V2 = 0, and that Hi = Ho. 

Where a tie rod is used which is protected from changes in temperature due to 
the fact that it is under ground in a special trough, the methods for the calculation 
of the reactions are the same as given above. In this case the temperature change ¢ 
must be based on the known or assumed difference in temperature between truss 


and tie rod. The denominator of eq. (11) must include the term ‘= of eq. (10). 
tit 


When A and B of Fig. 87 are connected by an exposed tie rod, for which 
temperature changes are exactly the same as for the rest of the structure, it can 
readily be seen that H, = 0, for a temperature reaction exists only when resis- 
tance is offered to the tendency of the framework between A and B to expand. 
Rigid supports, or a tie rod which does not expand as much as the framework 
will cause a temperature reaction, while a tie rod whose expansion is equal to that 
of the framework will not cause a temperature reaction. 

The temperature change to be used in the calculation of H,; of eq. (11) varies 
with the conditions. For a building which is heated and is not subjected to 
sudden changes in temperature, 15 to 20 deg. above and below the normal, or a 
range of 30 to 40 deg. is sufficient. If severe conditions are to be expected, with 
sudden changes of temperature, 50 or 60 deg. above and below normal, or a range 
of 100 to 120 deg. should be specified. 

Ribbed Arches of Two Hinges.—Ribbed arches of two hinges are seldom used 
in building construction. For methods of calculation for structures of this type 
the reader is referred to standard textbooks on the subject of arches. 

51c. Hingeless Arches.—Hingeless braced arches of the type men- 
tioned in Art. 50 have been used to some extent in building construction. 
Arches of the hingeless type are used extensively in bridge work, particularly 
in the form of steel or reinforced concrete ribs. Since the essential difference 
in the bridge and roof arch of the hingeless type lies in the applied loading, 
the reader is referred to standard works on the subject of steel and concrete 
arches.? 

51d. General Methods for Determination of Stresses in Braced and 
Ribbed Arches.—Stresses in the members of a braced arch, or in the web and 
flanges of a ribbed arch, are best determined by graphical or semigraphical 

1JoHnson, Bryan, and TuRNEAURB. ‘Modern Framed Structures,’’ Part II. 

2 Jounson, Bryan and TuRNEAURE. ‘ Modern Framed Structures,” Part II. 

TuRNEAURE and Maurer. Principles of Reinforced Construction.” 

G. A. Hoon. ‘Reinforced Concrete Construction,”’ Part III. 


Hoot and Jounson. ‘Concrete Engineers’ Handbook." 
W.S. Tarr. “Steel Roof Trusses Designed as Elastic Arches,'’ Eng. News-Record, Apr. 18, 1918. 
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methods. Algebraic methods can also be used, but in general such methods 
require considerable time for the solution of the problem. The accuracy of the 
results obtained by the algebraic methods is probably somewhat greater than is 
possible by the use of graphical methods. However, graphical methods give 
results which are accurate enough for all practical 


purposes, and since much time can be saved 6. 
thereby, especial attention will be given to 7. 

: i ary. ya 
graphical methods in the work to follow. B TE hor ayria! 


In Art. 53 is given a complete solution for 
stresses in a three-hinged arch. A detailed dis- 
cussion of the methods employed is given in 
connection with this solution. 

The stresses in an arch of the two- or three- Fira. 88. 
hinged type can be determined as soon as the 
applied loads and the reactions at the supports are known. In general the 
principles of stress determination are similar to those given in the volume on 
“Stresses in Framed Structures,’’ although the presence of inclined reactions and 
the curvature of the arch rib causes slight modifications in the methods of cal- 
culation. While the arch rib is essentially a curved beam, in most cases the depth 
of the arch rib is so small compared to its radius of curvature that the internal 
stresses can be determined without appreciable error by the methods given in the 
chapter on Bending and Direct Stress in the volume on “Structural Members and 
Connections.” 

An algebraic solution will be given for the conditions shown in Fig. 88, which 
represents a portion of an arch hinged, at A with all forces in position. The 
internal stresses are represented by amoment, M; a thrust, 7’; and a shear, V. 
These internal stresses can be determined by summations of moments and of 
vertical and horizontal forces taken about the center of gravity of the section, 
including all external applied loads and reactions. Thus from Fig. 88 


M = +Vic — Hy — Pia — P2b = 3M (12) 


If ZV = V; ead Py cos 6, an P, cos A» and AE ta Hy, +. P, sin’ 0; + P» sin 62, which 
are respectively the summations of vertical and horizontal external forces, we have 


T = (ZV) sina + (2H) cosa (13) 


V 
*>----= Center of gravity 
MA of section 


and 
V = (ZV) cosa — (2H) sina ; (14) 
where a is the angle which the tangent to the arch axis makes with the horizontal. 
Having given the internal forces acting on any section, the fiber stresses can 
be determined from the expressions 


fi=gtMs 

A i ' 

and . f (15) 
=>-M= 
fa= 4 I 


where 7 and M are as given above; fi and fo = the fiber stress on the extreme 
upper and lower fibers, respectively; ci and cz = the corresponding distances from 
the extreme fibers to the center of gravity of the section; and A and I = area and 
moment of inertia of the section respectively. The derivation of these equations 
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is explained in the chapter on Bending and Direct Stress in the volume on “Struc- 
tural Members and Connections.” For the conditions shown in Fig. 88, the fiber 
stresses given in eq. (15) are compressive. If on substituting in these equa- 
tions the sign is reversed, the resulting stresses are tensile. 

A graphical solution for internal stresses is shown in Fig. 89. This solution 
requires the construction of the force and equilibrium polygons. Figure 89 
shows these polygons in part for 
certain assumed loads and reactions. 
Since the string R of the equilibrium 
polygon is the resultant of all forces 
on either side of the section, we have 


M = Rd (16) 


where d is the perpendicular dis- 
tance from R to the center of gravity 
of the section under consideration. 
This moment can also be expressed 
in other terms. If e of Fig. (a) 
represent the distance from the 
center of gravity of the section to 
the intersection of the plane of the 
section produced and the line of 
action of R, and if Rr = component 
of R parallel to a tangent to the arch axis at the section in question, then 

M = Rre (17) 
Again, if Rx = horizontal component of R, and y = vertical distance from center 
of gravity of section to line of action of R, as shown in Fig. (a), then 

M = Ruy (18) 
The values of Rr and Ry are readily determined from the force polygon of Fig. 
(b) by resolving R into the required components. Values of T and V are obtained 
from the force polygon by resolving R into components parallel and perpendicular 
to the tangent to the arch axis at the section in question, as shown in Fig. 
89 (b). 

Fiber stresses can be determined by the use of eq. (15), substituting values 
of M and T as determined above. These equations can be modified somewhat 
and the fiber stresses can be determined from the values of T and e of Fig. 89 (a). 
From eq. (17) and Fig. 89 (a), Rr = T, and hence, M = Te. Substituting this 
value of M in eq. (15) and also noting that J = Ar?, where A = area of the 
section, r = its radius of gyration, these equations can be written in the form 


i= G(itS) 
€C2 


hegi-F 


In some cases the desired results are obtained more directly by the use of eq. (19) 
than by the use of eq. (15). 

The graphical methods of calculation given above are general and apply to all 
types of arches. However, the distances d, e, and y shown in Fig. 89 (a) are 


Fie. 89. 


and (19) 
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often so small that they can not be determined with the desired degree of pre- 
cision. Under such conditions, the moments should be calculated by algebraic 
methods, using eq. (12). 

Methods of stress calculation similar to those outlined above can also be 
applied to the braced arch. Figure 89 (c) shows a section cut through any panel 
of a braced arch. To determine the stress S; in a chord member, take moments 
about point A, the intersection of the other members cut by the section. Since 
FR is the resultant of all external forces to the left of the section, we have 

Si — e 
where a and b, respectively, are the lever arms of R and Sj, as scaled from the 
drawing. The stress in S2 can be obtained from a similar equation about B. If 
members S; and S2 intersect within the limits of the drawing, the stress in S3 
can be determined by moments taken about the intersection point. If they do 
not intersect within the limits of the drawing, a resolution equation can be taken 
for an axis perpendicular to one of the chord members. 

52. Loading Conditions for Arch Trusses.—The loads to be carried by an 
arch roof truss can be determined from the data given in the chapter on Roof 
Trusses—General Design, by methods similar to those used in the preceding 
chapters on the design of wooden and steel roof trusses. In most cases the slope 
of the roof surface is not uniform, as in the cases considered in the preceding 
chapters, for it is made to conform to the contour of the top chord of the arch. 
As the wind and snow loads depend for their value on the roof slope, the wind and 
snow panel loads for arch trusses will vary with the location of the panel point. 
An application of the methods of calculation is given in the problem of Art. 53. 

Formulas for the weight of arch trusses which will apply to all types of arch 
structures are not available, as structures of this type vary so widely in form and in - 
class of service that sufficient consistent and reliable information has never been 
collected on which to base a formula. In general, the designer must draw con- 
clusions regarding the probable weight of the arch to be designed, either from 
existing structures of the same size, or from his judgment based on past experi- 
ence. After a design has been made, based on an assumed dead weight, the true 
weight of the structure should be calculated and the assumed weight revised, 
if found necessary. From an examination of the weights of.existing arches, 
it was found that the weight per square foot of covered area may be anywhere 
from 10 to 25 lb., depending upon the span length, spacing of trusses, and the 
specified loading conditions. ; 

Maximum stresses in the members of arch trusses are to be determined for 
loading conditions similar to those used for simple roof trusses. In general the 
following loading conditions are used: (a) Dead load, (b) snow load on left side of 
roof, (c) snow load on right side of roof, (d) snow load on whole roof, (e) wind load 
on left side of roof, and (f) wind load on right side of roof. 

In combining the stresses due to these loads in order to obtain maximum 
stresses, most designers assume that snow and wind loads do not act on the 
roof at the same time. Others assume conditions similar to those used in the 
preceding chapters. This is a matter on which the designer must use his judg- 
ment. In making up the maximum stresses in the members, the dead load stresses 
should be combined with the snow or wind load stress which will produce greatest 
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tension and greatest compression in the members. It must be remembered, in 
this connection, that the wind and snow load stresses may be of the same character 
as the dead load stresses, or they may differ in character. In the latter case, if 
they exceed the dead load stresses, a reversal of stress will occur. This infor- 
mation must be at hand before a correct design of members can be made. 
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Fic. 90.—Truss diagram—typical three-hinged arch. 


53. Determination of Stresses in a Typical Three-hinged Arch Truss.—The 
methods of stress calculation outlined in Art. 51 (d) will now be applied to a typical 
three-hinged arch of the dimensions shown in Fig. 90. This arch has a span of 
125 ft., c. to c. of end pins, and a rise of 4124 ft. This type of framing adopted 
divides the truss into panels of 7.5 ft., as shown in Fig. 90. Purlins will be placed 
at alternate panel points. The distance between trusses will be taken as 30 ft. 
It will be assumed that the sides of the building consist of self-supporting masonry 
walls. No part of the weight of the walls will be assumed as carried by the trusses. 
It will be assumed, however, that the roof load at point D of Fig. 90 is carried by 
the trusses, 
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Dead Load Stresses——The dead load stresses are to be determined for the 
weight of the roof covering and the weight of the trusses. It will be assumed that 
the roof covering consists of tile or slate laid on 2-in. plank, which are supported by 
rafters. These rafters will be assumed to be placed parallel to the trusses, and 
will be assumed to be supported by purlins of the type described in Art. 55. 
Design methods for the roofing and the rafters are given in the chapter on Roof 
Trusses—General Design. A roof covering of the assumed type will be found to 
weigh about 20 lb. per sq. ft. of roof surface. The weight of the trusses is 
determined by methods outlined in Art. 52. It will be assumed, as a basis for a 
preliminary design, that the weight of the trusses and purlins is 10 lb. per sq. ft. 
of horizontal covered area. 

The panel loads due tothe roof covering and the dead weight of the arch will 
be assumed to be concentrated at the point of attachment of the purlins. As the 
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Fig. 91.—Dead load stress Fic. 92.—Loading diagrams—snow load 
diagram—stresses in mem- stresses. 


bers of left half of arch. 


roof load is given in pounds per square foot of roof surface, and since the roof area 
tributary to the purlins depends upon the slope of the roof, the panel loads due to 
the roofing will vary. Since the dead weight is given in pounds per square foot of 
horizontal covered area, the part of the panel load due to the weight of the trusses 
will be the same at all points, for the horizontal spacing of the purlins is taken as 
15 ft., as shown in Fig. 90. 

To illustrate the methods used in calculating panel loads from the above data, 
the dead panel load for point / of Fig. 90 will be determined. In calculating the 
roof area tributary to point F, it will be assumed that points LH, F’, and G are joined 
by straight lines. For the dimensions shown on Fig. 90, H-F = 16.3 ft., and F-G 
=15.5ft. As stated above, the roofing weighs 20 lb. per sq. ft., and the trusses 
are spaced 30 ft. apart. The roofing panel load at F is then 14 (16.3 + 15.5) X 
30 X 20 = 9,540lb. By similar methods, the roofing panel loads at other points 
are as follows: D, 5,550 lb.; HZ, 10,400 lb.; G, 9,180 lb., and H, 6,300 1b. Assum- 
ing that the trusses and purlins weigh 10 lb. per sq. ft. of horizontal covered area, 
as stated above, the dead panel load due to trusses and purlins is 10 X 15 & 30 
= 4,500lb. At point H, where the horizontal projection is 11.5 ft., the panel load 
is 3,450 lb. As the weight of several members is probably transferred to joint 
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D, it will be assumed that a full panel of truss weight is carried at this point. Add-_ 


ing the loads due to the roofing and the truss dead weight, the total panel loads — 
at the several joints are as follows; D, 10,050 lb.; H, 14,900 lb.; F, 14,040 lb.; 


G, 13,680 lb., and H, 9,750 lb. These panel loads are shown in position on 
Fig. 90. 

The reactions at the hinges A and C due to dead load are calculated by the 
methods given in Art. 51a. Since the dead panel loads are all vertical, and are 
symmetrically placed with respect to the center hinge, the vertical component of 
the reaction at A is evidently equal to the sum of the panel loads on one side of the 


Fie. 93.—Snow load stress diagram. 


center of the arch, or, Vi = 62,420lb. The horizontal component of the reaction 
at A is equal to the moment about C divided by the rise of the arch. For the 
loads and dimensions shown in Fig. 90. 
HA, = 
62,420 X 62.5 —9,750 X4— 18,680 X 19 — 14,040 X34 — 14,900 X 49 — 10,050 x 64 
41.67 


= 42,000 lb. 
Since all of the loads are vertical the reaction at hinge C is horizontal and equal to 
Ay. 

In the case under consideration, algebraic methods are readily applied to the 
determination of the reactions as all of the lever arms can be obtained from Fig. 
90 without further calculation, except simple addition. While graphical methods 
can be applied to this case, little is to be gained thereby. The algebraic method 
of calculation is therefore recommended. 

The stresses in the members of the arch due to the applied loads shown on Fig. 
90 and the reactions calculated above are readily determined by the graphical 
methods of stress analysis given in the volume on “‘Stresses in Framed Structures.” 
Figure 91 shows the stress diagram as drawn for the left side of the arch. 

In constructing stress diagrams of the kind shown in Figs. 91 to 94, great care 
must be used in drawing the diagrams, for, to be correct, the diagram must close. 
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That is, suppose that the diagram is begun at point A of Fig. 90, and carried for- 
ward to point C. If the diagram is accurately drawn, the resultant of the 
stresses in members g-22 and /-22 at joint C will be equal to Rs3, the hinge reaction 
at C. In Fig. 91, exact closure of the stress diagram is obtained when the hori- 
zontal components of /-22 and g-22 are equal to I-g, and when point 22 is directly 
over point 21. The effect of cumulative errors on the closure of the diagram 
can be reduced by starting the diagram at point 
A and carrying it about half way across the 
framework. Another start can then be made 
at point C, and closure made on the part of the 
diagram already drawn. It will usually be found 
that closing errors can be reduced by this 
method. 

Accurate construction of stress diagrams is 
greatly facilitated if the truss diagram, shown 
by Fig. 90, is drawn to a large scale. This # 
results in long lines, from which the slope of the 
members can readily be obtained. If a small Fra. 94.—Wind load stress diagram. 
size truss diagram is used, the lines are so short 
that an accurate determination of the true slopes is impossible. The stress 
diagrams should be drawn to a scale which will result in lines which can be 
drawn with triangles not exceeding about the 12-in. size. This avoids inaccur- 
acies resulting from lines drawn by several shifts of the triangle. Also, the stress 
diagram should be located as close to the truss diagram as possible, in order to 
avoid transferring lines for a long distance, which is certain to result in inac- 
curate work. 

It is best to make frequent checks on the graphical work by means of stresses 
calculated by the algebraic method explained in Art. 51a. Stresses in chord 
members are readily calculated by the method shown in Fig. 89 (c), and form a 
convenient check. If the graphical and algebraic methods do not check, it is 
well to revise the graphical work before proceeding with the construction of the 
diagram. 

Snow Load Stresses.—Stresses due to snow load are to be determined for three 
conditions of loading, as stated in Art. 52. These conditions are (a) snow load 
on left side of roof, (b) snow load on right side of roof, and (c) snow load on whole 
roof. 

The panel loads due to snow are to be determined from the data given in 
Table 8, p. 149. Since the roof slope varies, the unit snow load will depend upon 
the location of the panel point. Several different assumptions can be made 
regarding the variation in the snow load. For the case under consideration, it 
will be assumed that the outside roof surface is an arc of a circle, and that the 
unit snow load for the area tributary to any panel point is equal to the load for a 
plane tangent to the roof surface at the panel point. 

Thus at point F of Fig. 90, a plane tangent to the roof surface makes an angle 
of about 18 deg, 30 min. with the horizontal. It can be shown that this angle 
corresponds closely to a pitch of 1%, as defined in the chapter on Roof Trusses— 
General Design. From the table of snow loads referred to above, the snow load 
per sq. ft. of roof surface for a tile roof of 1 pitch located in the Central States is 
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30 lb. By methods similar to those used above for the dead panel load due to 
roofing, it will be found that the snow panel load for point F is 14 (16.38 + 15.5) X 
30 X 30 = 14,300 Ib. Panel loads at other points are as follows: D = 0 (slope 
45 deg., unit snow load = 0); H = 5,740 lb. (slope = 30 deg., unit snow load = 
11 lb.); G = 13,800 lb. (slope practically flat, unit snow load = 30 lb.); H = 
10,350 Ib. (slope = flat, unit snow load = 30 Ib.). 

In tabulating the stresses in a symmetrical three-hinged arch, it is usual to 
make a table containing the members of the left half of the arch. Table 16, in 
which the stresses for the arch of Fig. 90 are tabulated, contains the members of 
the left half of the arch. All stresses required in Table 16 for the three snow load- 
ing conditions can be determined from stress diagrams drawn for all members of 
the arch due to snow loads on one arm of the arch, no load on the other arm, as 
shown in Fig. 92 (a). 

The reactions at the points of support and at the crown hinge due to the load- 
ing shown on Fig. 92 (a) can be determined by the methods given in Art. 51a. 
These reactions are as follows, using the notation shown on Fig. 92: V1 = 30,600 
lb.; Hi = 20,400 lb.; Vs = 13,590 lb.; H3 = 20,400 lb.; V2 = 13,590 lb., and He 
= 20,400 lb. All forces act as shown in Fig. 92. A graphical solution of the 
reactions can be made by the method shown in Fig. 86. 

The stresses in the members of the left half of the arch for case (a),loads on the 
left half of the arch, are given by a stress diagram drawn for the loading conditions 
of Fig. 92 (b). This stress diagram is shown in Fig. 93 (a). The stresses scaled 
from this diagram are recorded in col. 2 of Table 16. Stresses in the members of 
the left half of the arch for case (6), loads on the right half of the arch, are given 
by the stress diagram of Fig. 93 (6), which is drawn for the loading conditions 
shown in Fig. 92 (c). It will be noted that the loading conditions shown in Fig. 
(c) are opposite hand of those for the right-hand half of the arch, loads on the 
left half, as shown in Fig. (a). Stresses scaled from the stress diagram of Fig. 93 
(b) are recorded in col. 3 of Table 16. The stresses for members of the left half of 
the arch for case (c), loads on the whole arch, can be obtained by adding the 
stresses given in Figs. 93 (a) and (6) for the member in question. These stresses 
are recorded in col. 4 of Table 16. 

Wind Load Stresses.—As in the case of the wooden and steel simple roof trusses 
designed in the preceding chapters, it will be assumed that the working stresses 
for wind loads are 50 per cent larger than those for dead and snow loads. Assum- 
ing, as before, that the working wind load is 30 lb. per sq. ft., and that the work- 
ing stress for wind loading is 24,000 lb. per sq. in., the working wind load to be 
used for a 16,000 Ib. unit stress is 20 lb. persq.ft. Wind panel loads will therefore 
be determined for a unit wind pressure of 20 lb. per sq. ft. 

In determining the normal wind pressure to be used at the several panel points, 
the same assumptions will be made as for snow panel loads. Thus at point F 
where the slope of the tangent to the roof surface corresponds to a 1é pitch, the 
normal wind pressure, as given by Table 7, p. 149, is 13.9 lb. per sq. ft. of roof 
surface. The resulting panel load is 144(16.3 + 15.5) X 30 X 13.9 = 6,000 
lb., acting normal to the roof. By methods similar to those used for the snow 
panel loads, it will be found that the wind panel loads at the other points are as 
follows: D = 5,250 Ib. (slope = 45 deg., unit wind load = 18.9 lb.); E = 8,350 
Ib. (slope = 30 deg., unit wind load = 16 lb.); G@ = 2,800 lb. (slope = about 9 
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|deg., unit wind load = 6.11b.), and H = O (slope flat). These loads are shown 
in position on Fig. 90. Since the side walls are assumed to be self-supporting, 
it will be assumed that the wind loads in these walls are carried directly to the 
foundations without causing any stress in the members of the arch trusses. If 
the construction is such that the arch carries the horizontal wind load, the wind 
panel loads can be calculated by methods similar to those used in the chapter on 
the Detailed Design of a Truss with Knee-braces. 


TaBLe 16.—SrrREessEs IN A THREE-HINGED ArcH Roor Truss 


(Fig. 90) 
Snow Snow Snow Wind Wind Maxi- Maxi- 
Dead load load load load load mum mum 
Member load left side | right side| both sides! left side | right side} tension com- 
loaded loaded loaded loaded loaded pression 
(1) (2) (3) (4) (5) (6) (7) (8) 
b-1 + 4,500) + 2,250) +12,250) +14,500} —10,000| + 4,930) 19,000 5,500 
b-2 + 4,000) + 1,900) +10,500}) +12,400} — 8,600) + 4,220} 16,400 4,600 
b-4 + 45,900) +22,300) +32,100) +54,400) —11,900} +12,900| 100,300 
z b-6 + 32,000) +15,600; +28,600| +44,200,; —14,900} +11,500; 76,200 
5 c7 + 29,600; +10,800| +20,200) +31,000; —10,300} + 8,200} 60,600 
4 c-9 + 26,200) + 4,200) +29,500) +33,700) —19,200) +11,850| 59,900 
2 d-11 |+ 23,500) — 4,500; +34,500}| +30,000} —25,900) +13,900} 53,500 2,400 
i) d-13 {+ 11,200| —18,900| +36,000) +17,100} —28,200) +14,500} 47,200 17,000 
& e-15 + 5,000) —23,100} +33,100} +10,000| —26,400, +13,300} 38,100 21,400 
e-17 — 8,500}; —30,100| +25,600}) — 4,500} —22,100} +10,300| 17,100 38, 600 
f-19 — 11,800} —23,100| +14,000) — 9,100} —15,000} + 5,630 2,200 34,900 
f-21 — 21,200) —18,200| — 900} —19,100} — 7,750) — rida] | eae 40 , 300 
g-22 — 26,000] —23,800; — 1,500) —25,300} — 9,700) — BOOH ws ceh fac 51,300 
1 — 77,000) —37,900} —28,000) —65,900} — 6,500) —11,300) ....... 142,900 
FI 1-3 — 108,900} —53,600| —46,000| —99,600} — 2,350} —18,500| ....... 208 , 500 
ov | 1-5 — 106,000} —52,000| —47,600) —99,600) + 900| —19,200) ....... 205,600 
bBo} 8 — 92,500} —41,000| —51,500) —92,500} + 9,100) —20,700| ....... 185,000 
O38 | 1-10 — 79,500| —29,700| —56,200) —85,900} +18,100}| —22,600 165,400 
A I-12 — 71,800; —18,700| —58,800| —77,500} +19,800) —23,600 149 , 300 
1-14 — 56,700} — 2,900! —58,000} —60,900} +22,000} —23,400 117,600 
1-16 — 48,800} + 2,000) —54,300} —52,300) +18,300} —21,800} ....... 103,100 
4 1-18 — 34,000! + 9,300) —46,200| —36,900| +14,100}) —18,600| ....... 80, 200 
8 1-20 — 30,300! + 2,600} —34,300}| —31,700| + 6,650) —13,800| ....... 62,000 
8 1-22 — 26,000} — 2,200) —24,000} —26,200| — 600} — 9,650) ....... 52,200 
a 1-2 — 2,500) — 1,100) — 6,200} — 7,300) + 5,150) — 2,500 2,650 9,800 
5 3-4 |— 27,200] —13,300| —14,200| —27,500| + 2,200) — 5,700] ....... 54,700 
P| 5-6 |+ 6,600] + 3,100} + 1,600) + 4,700} + 1,420) + 850} 11,300 
vv 7-8 |— 4,500] — 8,200) +10,300| + 2,100) —10,300) + 4,150 5,800 14,800 
§ 9-10 |— 19,600} —15,300| + 3,800) —11,500} —10,700} + 1,500) ....... 34,900 
n 11-12 |— 13,000) —13,800) — 600] —13,200| — 800] — BON ris aha were 26,800 
a 13-14 |— 20,000] —16,800} — 4,900} —21,700| — LOO) mL 87 Ol saiie tier 41,700 
s 15-16 |— 12,000) — 4,600} — 8,200} —12,800) + 5,180) — 3,300) ....... 24,800 
8 17-18 |— 16,000) — 5,700) —11,200} —16,900; + 5,050) — 4,500) ....... 82,900 
> 19-20 |— 5,900) + 5,900} —13,100} — 7,200} + 6,850) — 5,260 950 19,000 
21-22 |+ 6,500} + 5,200) + 1,000) + 6,200) + 6,200) + 400} 12,700 
2-3 50,000! +24,500| +25,800) +50,300} — 3,900| +10,400) 100,300 
4-5 S 15,200! — 7,300) — 3,800} —11,1 — 3,350] — 1,530/ ....... 26,300 
a 6-7 |— 33,200) —12,200) —22,500} —34,700} + 6,500; — 9,050) ....... 67,900 
3 8-9 |+ 1,500) + 6,000} —11,600| — 5,600) +10,400) — 4,660 11,900 10,100 
gS 10-11 |+ 1,500) + 9,100] — 7,000) + 2,100} + 3,300} — 2,820 10, 600 5,500 
& 12-13 |+ 12,500; +16,000) — 2,800) —13,200 + 3,500) — 1,130; 28,500 700 
& | 14-15 |4 6000| + 5,500] + 1,400] + 6,900) — 3,150] + — 570/ 13,100 
A 16-17 |+ 16,000] + 8,500} + 7,800) +16,300| — 4,500) + 3,140 32,300 : 
18-19 |+ 4,100] — 8,000] +13,500| + 5,500) — 8,700} + 5,430) 17,600 4,600 
20-21 |+ 11,800) — 6,000} +18,600} +12,600) — 8,950) + 7,500} 30,400 
V 62,420] +30,600} +13,590} +44,190 +14, 200 
A A, H 42/000! +20,400| +20,400} +40,800) — 1,850; + 5,450 
5. 1 | 42, ; 
3 V3 +13,590} —13,590 0 + 5,450) + 8,250 
3 Hs + 42,000] +20,400} +20,400) +40,800} + 8,250) — 5,450 
e R3 42,000 24, 500 24,500 40,800 9,850 9,850 


Stress Notation: + = tension ; Y D 
Reaction Notation: Positive reactions act as shown in Fig. 92 (0). 


= compression 
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The reactions due to wind loads will be determined by graphical methods, for 
the work required by a graphical solution will be found to be considerably less 
than that required by an algebraic solution. Using the method given in Fig. 86 
of Art. 51a, the final equilibrium polygon is shown in position in Fig. 90, The 
resulting reactions are shown to scale on the force polygon of Fig. 94. 

As stated in Art. 52, wind stresses are to be determined for wind load on either 
half of the arch. The stress diagram of Fig. 94 is drawn for stresses in the mem- 
bers of the left half of the arch due to loads on the left side of the crown hinge. 
These stresses are recorded in col. 5 of Table 16. Stresses in the members of the 
left half of the arch due to wind loads on the right side of the crown hinge can be 
determined by ratio from the snow load stresses for the corresponding condition 
of loading. This short cut is possible because for loads on the right side of the 
arch, stresses in members of the left half of the arch are due to the action of the right 
half against the left half. As shown in Figs 86 and 92 (a), thisaction can be repre- 
sented by a force acting on a line connecting the crown and abutment hinges. 
Therefore the wind stresses required for col. 6 of Table 16 can be obtained by 
multiplying the stresses given in col. 3 by the ratio of the reactions at the supporting 
hinges for the two cases. From Fig. 93 (6), the reaction at A for snow load on the 
right half of the arch is 24,500 lb. The reaction at A for wind loads on the right 
half of the arch is the same as that given in Fig. 94 for the right-hand support, 
which is found to be 9,850 lb. Hence, if the stresses of col. 3 are multiplied by 
en = 0.402, the resulting stresses will be the values required for members of 
the left half of the arch due to wind loads on the right half. These stresses are 
shown in col. 6 of Table 16. 

Mazimum Stresses in Members.—The maximum stresses in the members of the 
arch under consideration will be calculated on the assumption that wind and 
snow loads do not act at the same time. Table 16 gives the possible combinations 
of the dead load stresses and the snow or wind stresses which will result in the 
greatest tension and compression in the several members, 

54. Design of Members and Joints for a Typical Three-hinged Arch.—The 
principles governing the selection of the form of members for arch trusses, and 
the design of these members are the same as for the trusses designed in the pre- 
ceding chapters. These principles are given in the chapter on Roof Trusses— 
General Design. The application of these principles to the design of arch trusses 
will be illustrated by a partial design of members and joint details for the three- 
hinged arch for which the stresses have been calculated in Art. 53. 

The form of the members of an arch truss will depend on the amount of stress to 
be carried. For the truss under consideration in Art. 53, it will be found from a 
study of the stresses given in Table 16, that the stresses in all members, except a 
few of the lower chord members, can be provided for by sections composed of 
two angles. The bottom chord members in which large stresses exist can be 
made of angles and plates. Truss members for large arches, in which very heavy 
stresses exist, can be made of the same form as those used in bridge truss work. 
The trusses for the drill hall of the University of Illinois, described in Eng. News 
for Dec. 11, 1913, are composed of I- and H-beams. The Eng. Rec. for Oct. 7, 
1916 contains a description of an arched roof truss whose members are composed 
of angles and plates, 
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By methods similar to those used in the designs of the preceding chapters, 
it will be found that the members listed as top chord members in Table 16 of 
Art. 53 can be made of two 6- X 6- X 4-in. angles, separated by a 44-in. 
space for gusset plates. This section furnishes excess area for some of 
the members, but since it meets the requirements of most members, 
it will be adopted throughout. The bottom chord members are subjected to 


Fia. 95. 


somewhat greater variations in stress than the top chord members. Adequate 
provision for all stresses will be provided by the following sections: members 
1-12 tol-14, two 6- X 6- & 14-in. angles; members /-12 to /-10, two 6-  6- & 5¢-in. 
angles; and members /-8 to/-1, two 6- X 6- X 5-in. angles and a 14- X 3¢-in. plate. 
All web members, except a few near the end of the arch, can be made of two 34- X 
3- X 3¢-in. angles. For the other web members, two 5- X 314- X 3¢-in. angles 
will answer. Figures 95 and 97 show the genera] arrangement of members. 

Joint details for the three-hinged arch under consideration in this chapter are 
designed by the methods outlined in the chapter on Roof Trusses—General 
Design. With the exception of the hinged joints at A and C, the application of 
these principles is exactly the same as for the simple trusses designed in the 
preceding chapters. 

Figure 95 shows the adopted details for the hinge joint at A and a portion of 
the lower end of the arch truss. As shown on Fig. 95, the members at the lower 
end of the truss are connected to a large gusset plate which includes several joints 
and members. This is necessary because the members are short and the stresses 
are large, thus requiring large joint details. A single plate greatly strengthens 
the end detail and makes possible a very compact joint. 
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It will be assumed that the rivets used in the design under consideration are 
% in. in diameter, and that the allowable bearing and shearing values are 24,000 
and 12,000 Ib. per sq. in. respectively. From Fig. 95 it can be seen that the rivets 
connecting the members to the plates are in bearing on a }4-in. plate. For the 
allowable values given above, the rivet value is 10,500 Ib. All of the end details 
shown in Fig. 95 provide sufficient rivets to connect the members to the gusset 
plates. It will be noted that lug angles are used on member D-F. These lugs are 
used in order to reduce the size of the end connection, and also to provide a con- 
nection between both legs of the angles and the gusset plate. This is advisable 
where the stresses in the members are large. 
The design of lug angle details is considered 
in the section on Splices and Connections— 
Steel Members, in the volume on “‘Structural 
Members and Connections.” 

The top and bottom chord members are 
usually spliced at frequent intervals in trusses 
with curved chords. When the chord section 
consists of two angles, an effective splice is 


QL+ snow on 
right side. tie furnished by a detail similar to that used at 
aS Dh hind on left sch joint g of the steel roof truss designed in the 
Wh ; airs | chapter on the Detailed Design of a Steel 
Des j sre seo Lift Roof Truss. By using this detail, the stress 
() \y in the horizontal legs of the angles is trans- 
Fia. 96. ferred across the splice by means of the 


splice plate, leaving only the stress in the 
vertical legs of the angles to be transferred to the gusset plate, thus securing 
compact joint details. A similar detail can be used where the chord section 
consists of angles and plates. If the joints are milled so that a bearing fit is 
assured, only enough rivets need be provided to hold the members in contact. 
Figures 95 and 97 show the details adopted for the design under consideration. 

The design methods to be used for the shoe and the pin at joint A depend 
upon the assumptions made regarding the action of the supporting forces at the 
abutments. If it be assumed that the horizontal component of the reaction is 
taken by a tie rod, the shoe and the supporting foundation can be designed for 
vertical forces only. Figure 95 shows a shoe designed on this assumption. If 
it be assumed that the foundations can resist vertical and horizontal forces, the 
shoe must be placed at an angle to the vertical, as shown in Fig. 96. Designs 
based on these two assumptions will be considered in detail. 

Consider first the tie rod design shown in Fig. 95. In this design it is assumed 
that the horizontal and vertical components of the reaction are taken respectively 
by the tie rod and the shoe. Table 16 of Art. 53 shows that these reactions are a 
maximum for dead load and snow load on both arms of the arch. The hori- 
zontal component of the reaction is found to be 42,000 + 40,800 = 82,800 Ib., 
and the vertical component is found to be 62,420 + 44,190 = 106,610 lb. 

Assuming that the working stress in the tie rod is 16,000 lb. per sq. in., the 
area required is tii = 5.27 sq. in. Two 4 X 34-in. eye-bars furnish 


6.0 sq. in. If the allowable bearing on a concrete foundation is taken 


Sec. 2-54] ROOF TRUSSES 269 


106,610 

400 
266 sq. in. The shoe shown in Fig. 95 provides a base area of 15 X 20 = 300 
sq. in. 

Design methods for the pin connecting the shoe, tie rod, and truss are given in 
the section on Splices and Connections—Steel Members in the volume on ‘‘Struc- 
tural Members and Connections.’’ The size of the pin is determined subject to 
the following conditions: The bearing areas between the members and the pin 
must be sufficient to keep the bearing pressures within the allowable limits, which 
will be taken as 24,000 Ib. per sq. in., and, the extreme fiber stress due to bending, 
considering the pin as a simple beam, must be within the allowable limits, which 
will be taken as 25,000 lb. per sq. in. 

The design of the pin is carried out by assuming the size of pin. Having 
given the maximum load to be carried by the pin, the bearing areas required for 
the several parts are determined. If the parts abutting on the pin do not furnish 
the required area, they must be increased by the addition of pin plates until the 
proper area is provided. Assuming the centers of pressure to be located at the 
centers of the bearing areas, the bending moments due to the applied loads are 
calculated and compared with the resisting moment provided by the assumed pin. 
If the assumed pin is found to be inadequate, the calculations must be revised. 

For the case under consideration, a 414-in. pin will be assumed. Figure 95 
shows the adopted arrangement of the joint details. The load brought by the pin 
to the shoe is equal to the vertical component of the reaction, which is 106,610 
Ib. At 24,000 lb. per sq. in., the width of bearing required on the webs of the 

106,610 
shoe is 717 24,000 X 2 
shoe is used, the webs will be made 1 in. thick, as the use of thinner material is 
not advisable. 

The load brought by the arch to the pin is equal to the resultant of the hori- 
‘rontal and vertical components of the maximum reaction, which is due to dead 
load and snow load on both arms of the arch. For the components given above, 
this load is (82,800? + 106,6102)’* = 135,000 1b. The width of bearing required 


135,000 : ; 
at the lower end of the arch truss is 7; 41% X 24,000 ~ 1.32 in. Since the main 


as 400 lb. per sq. in., the area of the base of the shoe must be 


= 0.518 in. for each web. Assuming that a cast-steel 


gusset plate at joint A is 14 in. thick, the width of bearing must be increased 
by the addition of pin plates. Figure 95 (a) shows the adopted detail. The main 
angles are spread somewhat, and the space between the angles is filled by means 
of 5é-in. plates placed on both sides of the gusset plate. ‘To stiffen the plates, 
and also to tie the main angles together, a6- X 4- X 3g-in. angle is riveted on each 
side of the plates. The total thickness of bearing provided by this detail is 244 
in., which is in excess of that required, but as a rigid detail is desired, it is not 
advisable to use a smaller number of plates. 

The bending moment on the pin can be determined by calculating the mo- 
ments due to the vertical and horizontal forces, and finding their resultant. Figure 
95 (c) shows the components of forces and the lever arms. ‘These lever arms are 
determined for the packing shown in Fig. 95 (b). A clear space of }4 in. is pro- 
vided between the several members. From Fig. 95 (c), the vertical component 
of moment is 53,305 X 3.0 = 159,915 in.-lb., and the horizontal component of 
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moment is 41,400 x 1.125 = 46,600 in.-lb. The resultant moment is then 
(159,915? + 46,6002) = 167,000 in.-lb. From the tables of bending moments 
on pins, it will be found that the safe moment on a 434-in. pin for an allowable 
fiber stress of 25,000 Ib. per sq. in. is 188,410 in.-Ib. The assumed pin will be 
adopted. 

The pin plates which were added to the gusset, plate at point A, in order to 
increase the width of bearing on the pin, must be fastened to the gusset plate so 


that all plates will act as a unit. Assuming that the load carried by each plate 
is proportional to its thickness, the load carried by each 3¢-in. angle is 135,000 


878 = 20,600 Ib., and the load carried by each 5¢-in. filler plate is 135,000 
0.625 ob ae i 
y, a = 33,800 lb. As shown in Fig. 95 (a), the rivets connecting the 


“c.foc. 


Fie. 98. 


6- X 4- X 3¢-in. angles to the plates are in double shear, when both angles are 
assumed to act together. For the allowable shearing value given above, the 
double shear value of a rivet is 14,400 lb. Assuming that the two angles act 
together, the total load to be carried is 2 X 20,600 = 41,200 lb., and the number 
eet = 8 rivets. The detail of Fig. 95 (a) shows 
three rivets close to the pin and four others at the ends of the angles. Assuming 
that the 5-in. filler plates and the angles on each side of the gusset plate act 
together, the total load to be carried is 2(33,800 + 20,600) = 108,800 lb. As 
shown in Fig. 95 (a), the connecting rivets arein bearing on the }-in. gusset plate, 


of rivets required is 
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and hence the number of rivets required is ren = 11 rivets. Figure 
95 (a) shows 14 rivets in place in the filler plates and the angles. 

Figure 96 shows the details of a shoe designed to carry the vertical and hori- 
zontal components of the reactions. The slope of the base of the shoe is deter- 
mined by the condition that it should be perpendicular to the resultant of the 
maximum reactions. Figure 96 (6) shows the amount and direction of the 
resultant reactions due to all possible combinations of dead and snow or wind 
load reactions. These resultants were plotted from the values given in Table 
16. It will be noted from Fig. 96 (b) that the reactions lie close together, and that 
a plane z-y at a slope of 8 in. in 12 in. is normal to the average direction of these 
resultants. 

The base area required on the line a-b must be sufficient to provide for the 
maximum reaction of 135,000 lb. which occurs for dead load and snow load on 
both sides of the arch. It is usual to provide a short horizontal base area, shown 
by a-c of Fig. 96 (a). All details are as shown on Fig. 96. The design methods 
are similar to those used for Fig. 95. 

Figure 97 shows the details of the pin joint at the crown hinge, and a portion 
of the truss. The design methods for the pin and the pin plates, and for the end 
connections of the members, are the same as for the detail of Fig. 95. 

55. Bracing for Arch Trusses.—The general plan of the bracing for an 
arch truss is quite similar to the one designed in the chapter on the Detailed 
Design of a Truss With Knee-Braces. Since the trusses are large anc must 
be rigidly braced, lateral systems are generally placed between every other pair 
of trusses. In the plane of the vertical side walls, bracing is placed in every 
bay. A very good idea of the form and arrangement of the required bracing can 
be obtained from the description of the University of Illinois drill hall, which 
is given in the Hng. News for Dec. 11, 1913, and from the description of the 
Springfield Coliseum given in Eng. Rec. for Oct. 7, 1916, to which the reader 
is referred. 

The trussed purlins which connect the trusses at alternate panel points form 
part of the bracing as well as acting as purlins. Figure 98 shows the details of 
these purlins, which are connected to the vertical truss members at the points 
shown in Fig. 90. The purlins are designed to carry the roof load and the maxi- 
mum snow or wind loads. Figure 98 shows the adopted sections. The lower 
chord members of the end panels are sloped so that the lower chord member of 
the purlin is connected to the vertical members of the arch near the foot of these 
members. 


ORNAMENTAL ROOF TRUSSES 


56. Architectural Timber Work.—Architectural timber work is an important 
element of interior design, especially in churches. The roof structure is fre- 
quently of wood, using the hammer beam truss where the roof is high. In build- 
ings with low pitched roofs the braced arch is most common. This form of 
construction brings some thrust upon the walls, which must be counteracted by 
buttresses or extra heavy masonry. The roof design concerns not only the trusses, 
but the purlins, rafters and sheathing as well, all of which may be decorated to 
a greater or less degree. Structural considerations must be modified and supple- 
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mented to meet architectural requirements. Members of no structural value 
may be introduced; stresses must be provided for without too great insistence on 
economy of materials. As a general rule, horizontal and vertical members are 
satisfactory, together with arched members. Large diagonal members are 
usually disappointing in perspective. The timbering is sometimes covered with 
“boxing” of more expensive wood, but the effect is usually poor as compared with 


Fia. 99.—Hammer beam with scis- Fie. 100.—Hammer beam with A-truss. 
sors truss above. 


actual beams. Laminated beams are frequently used. The laminations may 
be masked by mouldings and decorative elements. The advantage lies in the 
good connections and masked joinings secured. Steel rods should not be exposed. 
A few examples of ornamental trusses are shown. 

Figures 99 and 100 show hammer beam trusses of the usual form. In the 
first a scissors truss is used over the hammer beam. In the second a rafter and 
tie beam are used. Figure 101 shows an approximation to the hammer beam 
truss, but depends for its strength partly on the rigidity of the members. This 
truss should be built of seasoned lumber and should be gone over and the bolts 
tightened up after being in service for about a year. 

Figures 101 and 102 show high pitched roofs supported by a timberarch. The 
arched members add something to the rigidity of the structure and a great deal to 
appearance. Figure 104 shows a low pitched roof supported by a king post truss 
with a timber arch below. The construction of this truss will be entirely masked 
by the decoration. Figures 102, 103 and 104 are from buildings near Oxford, 
England. 

Figure 105 is a modification of the low pitched truss type, formed of doubled 
timbers and a few false members. This truss should be supported on quite rigid 


' 
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Fic. 101.—Laminated truss. Fic. 102.—Braced arch (St. John’s Col- 
lege, Oxford). 


104.—King post truss and bracket 
(Bodleian Library). 


Fie. 103.—Braced arch and rafter. Fia. 105.—Braced rafter. 
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posts built into the wall. The action of the post and bracket is that of a canti- 
lever, to which the upper chord is fastened. 

Figure 106 shows a scissors truss. This form of support is less meritorious 
architecturally and structurally, but is much used on cheap work. Its principal 
merit is the arched effect of the slanting members. 

The span of all the above trusses is taken, for convenience, at 28ft. Spans of 
much greater width may require an attic space with concealed trusses. In this 
event the interior will show the ceiling only, which will be supported from above. 


Fria. 106.—Scissors truss. 


57. Analysis of Stresses in a Scissors Truss.—The stresses in a truss of the 
Scissors type, shown in Fig. 106 of Art. 56 are readily determined by the methods 
of stress analysis given in the volume on “Stresses in Framed Structures.” Panel 
loads due to dead and wind loads are determined by the methods used in the pre- 
ceding chapters on roof truss design. As the roof slope is generally quite steep, 
snow loads need not be considered. 

To illustrate the methods of stress analysis for trusses of this type, the stresses 
in the truss of Fig. 107 will be determined for dead and wind loads. Panel loads 
for dead and wind load, determined by the usual methods, are shown in position 
on Fig. 107 (a). The dead load stress diagram is shown in Fig. 107 (6), and the 
wind load stress diagram is shown in Fig. 107 (c). Table 17 gives the resulting 
stresses for dead and wind loads, and also the maximum stresses due to combined 
dead and wind loads. 
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Roof trusses of the scissors type are usually constructed of wood, with the 
exception of the vertical member C-F of Fig. 107 (a), for which a steel rod is used. 
Experience has shown that the elastic deformation of the members of a scissors 
truss results in a considerable horizontal movement of the points of support. To 
reduce the amount of this movement, it is the general practice to use excess area 
in the top and bottom chord members. For the truss of Fig. 107 (a) it will 
probably be advisable to use 6- X 10-in. wooden pieces for all members except the 
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middle vertical, which will be made of a 1}4-in. round steel rod. Typical joint 
details applicable to the truss under consideration are shown in Art. 60. 

The horizontal movement of the points of support of the truss of Fig. 107 (a) 
can be calculated by means of the equation 


8 
Dis Sia (1) 


where D = deflection of any point; S = stress in any member; A = area of any 
member; J = length of any member; # = modulus of elasticity of the material 
composing the members; and u = a ratio which is equal to the stress in any mem- 
ber due to a 1-lb. load applied at the point whose deflection is desired and acting in 
the direction of the desired deflection. 
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TasLe 17.—SrrReEesses IN A Scissors Truss 


(Fia. 107) 
Member Dead load 


Max. stress 


Wind right | Wind left 


AB —12,750 —4,000 —4,000 —16,750 

BC — 8,600 —2,000 —4,000 — 12,600 

AE + 9,600 +4,500 0 +14,100 

BE — 3,120 —4,500 0 — 7,620 

CE + 8,250 +2,800 +2,800 +11,050 
+ = tension. — = compression. 


TaBLE 18.—HorizontTaL DEFLECTION OF Points OF SUPPORT 
CALCULATION OF THRUST ON WALLS 
Scissors Truss 


(Fig. 107) 
— Hu 
Stress Cee: l Sl u SI 1 (H = S 
acim AE AE wre AE ut 6,510 lb.) 

oe 2 3 4 5 6 é 8 9 10 
AB |—16,750|102)52.2/0.000001955| —0.0328 | —0.707 PA aala eapaibiery + 4,610 |—12,140 
BC |—10,600/102/52.2'0.000001955| —0.0208 | —0.707!+0.0148!0.000000977|+ 4,610 |— 5,990 
CD |—12,600)102)52.2)}0.000001955| — 0.0246 | —0.707)+0.0175|/0.000000977;+ 4,610 |— 7,990 
DF |—16,750/102/52.2/0.000001955| — 0.0328 | —0.707)+0.0233)0.000000977;+ 4,610 |—12,140 
AE |+14,100)152}52.2)/0.000002905| +0.0410 |+1.58 +0.0648 0.00000725 —10.300 |+ 2,800 
EF |+ 9,600|152/52.2)/0.000002905| +0.0279 |+1.58 |+0.0441'0.00000725 |—10,300 |— 700 
BE |— 7,620) 76|52.2,0.000001403] —0.0111 0 0 0 0 — 7,620 
DE |— 3,120) 76)52.2/0.000001403) —0.00455 0 0 0 0 — 3,120 
CE |+11,050, 96,1.77|\0.000001810; +0.0200 |4+1.00 +0. 0200/0 .00000181 — 6,510 |+ 4,540 


+O, 2078) 0.00002023 


For the truss under consideration, the deflection of the left end, A of Fig. 107 
(a), will be determined with respect to the right end, point F, which will be 
assumed to stand fast. This deflection will be determined for the maximum 
stresses in all members due to the dead and wind load stresses, as given in Table 
17, These maximum stresses are recorded in Table 18. The lengths and areas 
of the several members are also given in Table 18. Lengths of members are given 
in inches, and areas are given insquare inches. Asassumed above, the main mem- 
bers are composed of a 6- X 10-in. piece. Assuming that dressed lumber is used, 
the area is calculated as for a 515- X 914-in. section to conform to the methods 
used in the chapter on Detailed Design of a Wooden Roof Truss. The moduli 
of elasticity of wood and steel are taken respectively as 1,060,000 and 30,000,000 
Ib. per sq. in. 

Since the horizontal motion of point A is desired with respect to point F’, the 
values of w as defined above, are to be calculated for a 1-lb. load applied at A and 
acting horizontally. It will be assumed that the 1-lb. load acts to the left. A 
positive sign for the resultant deflection will indicate that the direction of the 
deflection was correctly assumed. If the sign is negative, the true deflection is to 
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the right. Values of w were calculated by means of the stress diagram of Fig. 
(d), and the stresses are recorded in Table 18. 
The desired deflection is determined by calculating the value of the term 


Sl 
AR for each member, and adding all such terms, paying particular attention to 


the sign of each result. It is to be noted that for stress, plus indicates tension and 
minus indicates compression. In multiplying the several values, like signs result 
in plus signs, and unlike signs result in minus signs. The resulting values are 
given in Table 18 under the proper heading, and at the foot of the column is given 
the sum of all terms, which is the desired deflection. The result, +0.2078, 
indicates that point A moves to the left, 0.2078 in. 


Sl 
A study of the values of An given in Table 18, col. 7, shows that about 80 


per cent of the total deflection calculated above is due to the elastic distortion of 
members A-B and D-F, the lower ends of the top chord member, and A-F and 
E-F, the lower chord member. Since the deflection contributed by any member 
is inversely proportional to the area of that member, it follows, as stated above, 
that large members with considerable excess area should be provided for the chord 
members in order to reduce the horizontal movement of the supports. 

By calculations similar to those given in Table 18, the vertical and horizontal 
components of the deflection of all points of the structure have been calculated. 
The dotted lines of Fig. 107 (e) show the distorted position of the truss, and the 
full lines show the undeformed truss. In plotting the movement of the several 
points, a scale was used which shows these movements at about 150 times their 
value to the scale of the truss. Hence, as plotted, the actual movement of the 
joints is greatly exaggerated. This is done in order to show the relative rather 
than the actual movement of the joints. 

The diagram of the deformed truss brings out some points which should be 
considered in selecting the form of the members for trusses of this type. It will 
be noted that members A-B-C and C-D-F are bent out of line due to the defor- 
mation of thestructure. If these members are made continuous, which is the usual 
practice, heavy secondary bending moments are set up at the middle points of the 
members. Since the fiber stresses in the members due to these moments are 
proportional to the depth of the member, it follows that the depth of the member 
in the direction of the bending should be as small as possible, in order to avoid 
excessive fiber stresses. In the case of the 6- X 10-in. members adopted for the 
design under consideration, the 6-in. face should be placed in the vertical direction 
and the 10-in. face should be placed horizontal. This would probably not fit in 
with the architectural features of the design. However, since considerable 
excess area is provided in these members, the total combined fiber stress with the 
10-in. face placed vertical will probably be within the allowable limits. Every- 
thing considered, square sections are preferable for trusses of this type. 

The ends of trusses of the scissors type are generally rigidly fastened to the 
supporting walls by means of anchor bolts or by a base plate bedded in the 
masonry. After the trusses have been erected, the roofing and other applied loads 
are added as the construction proceeds. On the removal of the erection false- 
work or other temporary construction supports, the full loads are applied to the 
trusses, which tend to deform, causing the points of support to move horizontally, 
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as calculated above. Since the trusses are generally rigidly fastened to the walls, 
as stated above, the walls are forced outward due to the resistance offered to the 
horizontal motion of the ends of the truss. Horizontal forces are therefore set up 
which cause bending moments in the walls. These moments, and the resulting 
fiber stresses, are a maximum at the foot of the walls. If the fiber stresses are 
excessive, the walls will be cracked at the base. To avoid failure of the walls due 
to this cause, the bending moments and fiber stresses must be estimated and a wall 
thickness adopted which will offer the required resistance. If one end of the truss 
is allowed to move freely as the loads are applied, the walls will be relieved of the 


S ewe: 


(q) ( 
Fie. 108. 


greater part of the bending moment mentioned above. However, this is not the 
usual practice. In view of this fact, methods will be given for the determination 
of the horizontal forces which must be resisted by the walls. 

The methods of calculation for the determination of the thrusts at the tops of 
the walls due to the deformation of a scissors truss are similar to those used in 
Art. 516 for the determination of the reactions for a two-hinged arch. Let Fig. 
108 (a) show a scissors truss, or any other type of truss in which the elastic defor- 
mation of the members produces thrusts on the supporting walls. To make the 
solution general in nature, vertical and inclined applied loads are shown in posi- 
tion. Consider the truss removed from the walls, and represent the action of the 
trusses on the walls by the forces shown in Fig. 108 (b). The forces H represent 
the thrusts at A and F due to the deflection of the truss. Evidently these forces 
are equal in amount and act in opposite directions, as shown in Fig. (b). The 
forces H,, Ho, Ri, and R2 represent the action of the applied vertical and inclined 
loads, and are calculated by the methods of statics given in the volume on “Stresses 
in Framed Structures,” considering the truss as a free body removed from its 
supports. 

The forces H, and H:2 include the effect of the wind on the vertical sidewalls. 
This effect is indeterminate, but it is sufficiently accurate to assume that the 
moment due to the horizontal wind load is equally divided between the two walls. 
It will therefore be assumed that the truss, acting as a strut between the two walls, 
transfers to the top of the right-hand wall, a load which will produce the assumed 
moment at the base of the wall. If w = wind load per foot of wall, and h = 
height of wall, the moment to be carried by each wall is M = Mwh®. On the 

1 


assumption made above, the load at the top of each wall is P = = = wh. 


Assuming that the truss is rigidly fastened to the walls, it is evident that the 
horizontal movement of points A and F of the truss is equal to the horizontal 
movement of the tops of the walls, points A and F of Fig. 108 (b). For the 
determination of H, the thrust of the trusses on the walls, an equation of elastic 
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equilibrium can be established by equating the deflection of the truss, as calcu- 
lated by eq. (1), to the combined deflection of the walls for the forces shown 
in Fig. 108 (0). 

The values of S to be used in eq. (1) for the determination of the horizontal 
motion of points A and F of the truss are the actual stresses in the members. 
These stresses include the effect of the thrust H and the effect of the applied 
loads. As stated in Art. 51 in connection with the derivation of eqs. (8) and (10), 
these stresses can be expressed in the form 


S=S'—Hu (2) 


where S = actual stress in any member; S’ = stress in any member due to the 
applied loads for the truss considered as removed from the walls and considered as 
a simple truss; H = thrust on the walls; and uv = a ratio defined above for eq. 
(1). Substituting this value of S in eq. (1), the horizontal movement of point 
A of the truss with respect to point F is 


A = Shu HD aw (3) 

The deflection of the walls due to the applied loading shown in Fig. 108 (b) 
depends on the form of the walls. If they are of uniform cross-section for the 
full height, they form simple cantilever beams acted upon by the horizontal forces 
shown in Fig.108(b). Theeffect of the vertical loads Ri and R:2 on this horizontal 
deflection is so small that it will be neglected. The deflection of a simple canti- 


: Pi* 
lever beam due to a load P is given by the expression A = an To reduce 


13 
this value to a general expression adaptable to all forms of walls, the term 3hI 


will be called the deflection coefficient of the wall. In the work to follow, this 
coefficient will be denoted by k, using subscripts 1 and 2 respectively to indicate 
the left- and right-hand walls. With this notation, the total movement of points 
A and F of Fig. 108 (0) for the forces shown, is given by the expression 


A = (H — Ai)ki + (H + H2)ke 


from which 
A = H(ky + ke) — Hiki + Hoke (4) 
Equating eqs. (3) and (4) and solving for H, we have 
Sl 


o Wie + H,ky == Hoke 


aR et (ky = ke) 


which is a general expression for the thrust on the walls due to a rigidly attached 
truss of the type shown in Fig. 107. 

To illustrate the application of eq. (5) to a given set of conditions, certain 
assumptions will be made regarding the walls supporting the truss of Fig. 107 
and the resulting thrust on these walls will be calculated. Suppose that the truss 
under consideration is rigidly attached to a masonry wall 18 in. thick and 15 ft. 
high, and assume that because of window openings, a section of wall 8 ft. long is 
available to resist the thrust of the trusses, which will be assumed to be 16 ft. 
apart. 
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For the applied dead and wind panel loads shown in position on Fig. 107 (a), 
it can be shown that H, = H». = 2,800lb. To this load must be added the effect 
of wind on the side walls. As stated above, this effect will be assumed to be due 
to a load ut where w = load per foot of wall. For a 30-lb. wind load acting 
wai xX 30 X 16 X 15 = 1,800 lb. 


The total horizontal load is then H, = He = 2,800 + 1,800 = 4,600 lb. Since 
the walls are alike, and are simple cantilever beams of height h, the value of the 
deflection constant, as defined above, is 


k, = ke 


on a 15-ft. wall, trusses 16 ft. apart, 


h3 
~ BEI 
where HE = modulus of elasticity of the material composing the wall, which will 
be assumed to be 3,500,000 Ib. per sq. in.; and J = moment of inertia of the wall 
section, which is given by the formula = 142 bd’. For the assumed conditions, 
h = 15ft. = 180 in.; b = effective width of wall = 8 ft. = 96 in.; and d = thick- 
ness of wall = 18 in.; and 

k (180)? 

~ (3)(8,500,000) (24 2) (96) (18)* 


The term H,k, — Hoke of eq. (5) can readily be seen to be equal to zero for 


= 0.0000119 


ah : : S'l 
the assumed conditions. Table 18 gives directly the term > for the stresses 


l 
S’ are exactly the same as given by Table 17. The term Dae is readily caleu- 


lated from the values given in Table 18. Column 8 gives the several values and 
the required summation. The value of k; + k. = 2k can be determined from the 
calculations given above. Substituting these values in eq. (5), we have 

" 0.2078 

~ 0.00002023 + 0.00002380 


which is the thrust of the trusses on the walls for the assumed conditions. 

The combined fiber stress in the walls due to the bending moments induced by 
the total horizontal loads at the tops of the walls must be investigated. From 
Fig. 108 (6), it can be seen that the maximum fiber stress will occur at the inside 
lower edge of the right-hand wall. This fiber stress is to be determined for bend- 
ing due to horizontal forces and compression due to the weight of the wall and the 
truss reactions at the wall. As stated above, H. = 4,600 lb. Hence the total 
horizontal force is H + Hz = 4,710 + 4,600 = 9,310 lb., and the bending 
moment at the foot of the 15-ft. wall is 9,310 X 180 = 167,500 in.-lb. Since the 


H 


= 4,710 lb. 


wall section is rectangular, the fiber stress due to bending is f,; = om where b = 


effective width of wall = 96 in., and d = thickness of wall = 18 in. Hence 
me: (6) (167,500) 

> ~~ (96) (18)? 
This fiber stress is tensile on the inside edge of the wall. The compression at the 
same point due to the weight of the wall and the truss reaction is equal to the 
total load divided by the effective area. Assuming that the material composing 


= 324 lb. per sq. in. 
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the walls weighs 160 lb. per cu. ft., the weight of the wall is 8 X 1.5 X 15 X 160 
= 28,800 lb. From Fig. 107 (a), the vertical truss reaction at point F is 10,800 
Ib. Hence the total vertical load is 28,800 + 10,800 = 39,600 Ib. For an 
effective section of wall 18 X 96 in., we have 


39,600 : : 
fe = (18)(96) = 23 lb. per sq. in., compression 


The resultant fiber stress on the fiber in question is then f = f, — f- = 324 — 23 
= 301 lb. per sq. in., tension. If the material composing the wall is capable of 
withstanding this tensile stress, the assumed wall is satisfactory; if not, the wall 
section must be revised. It was found that a 36-in. wall is required if no tension 
is allowed on the masonry. As walls of this thickness are expensive, it is prob- 
able that some type of buttressed wall would be adopted. 

The horizontal thrust on the walls is often determined on the assumption that 
the walls are absolutely rigid. Equation (5) can be made to cover this condition 

3 

by noting that, in general, k = Aen For an absolutely rigid wall, it is evi- 
dent that J, the moment of inertia is infinite. Hence all values of k are equal to 
zero, and eq. (5) becomes, 


From the values of these terms given in Table 2 


0.2078 
H = 0.00002023 = 10,250 Ib, 


Note the effect of the elastic deformation of the walls on the value of H, as shown 
by comparing this value of 7, calculated for a rigid wall, and the value calculated 
above for an elastic wall. 

After the value of H has been determined for any assumed set of conditions, 
the true stresses in the truss members, which must include the effect of the resis- 
tance of the walls, can be determined fromeq. (2). Columns 9 and 10 give all of the 
necessary calculations, and col. 10 gives the finalstresses. The value of H should 
include the effect of wind on the side walls. Hence for the 18-in. wall, H = 
4,710 + 1,800 = 6,510 lb. 

58. Analysis of Stresses in a Hammer-beam Truss.—A typical framework 
for a hammer-beam truss is shown in Fig. 109 (a). The curved members near 
the center of the truss, and all other members which are used for ornamental 
purposes, have been removed. Figures 99 and 100 of Art. 56 show complete 
trusses of this type. 

As shown by Fig. 109 (a), a typical hammer-beam truss can be considered to 
be composed of three parts. These parts consist of a truss, shown by DF'K, and 
two parts, shown by ABDH and the corresponding part on the right, which con- 
tains the hammer-beam BH. The entire framework is supported at A and L 
by masonry walls which are continued upward to the level of point B. 
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Strictly speaking, a truss of the form shown in Fig. 109 (a) is statically inde- 
terminate, for the top chord member BDF is generally made continuous from end 
to end. Also, the portions of the truss containing the hammer-beams are gener- 
ally rigidly fastened to the masonry walls. However, by assuming that the ham- 
mer-beam portion of the truss is supported at the masonry wall, point A of Fig. 
109 (a), by a hinge-like detail, and also that the connection between the truss 
DFK and the hammer-beam is a hinge, the stresses become statically determinate. 


Fie. 109. 


These assumptions are reasonable, for at joint D only the resisting moment offered 
by the chord section is opposed to any distortion of the structure. This resis- 
tance is not great, and can be neglected without sensible error. <A rigid connec- 
tion between the wall and the hammer-beam portion of the truss is hard to 
make, and it is therefore likely that the assumed conditions closely approximate 
the actual conditions. 

Under symmetrical vertical loads, the truss shown by the full lines of Fig. 
109 (a) is a stable structure. To hold the several parts of the framework in 
equilibrium, the reactions at A and LZ must be inclined to the vertical. When 
the structure is subjected to inclined loads, such as wind loading, the full line 
framework of Fig. 109 (a) is not in stable equilibrium. Additional members 
must be provided which will offer the resistance necessary to prevent collapse 
of the structure. This resistance to distortion is provided by the curved mem- 
bers joining points HG andGM. The end connections of these members can be 
so arranged that they will take compression only. In this respect these members 
form counters, which act only under unsymmetrical loading. It is to be noted 
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that the reactions at the points of support are inclined to the vertical for all 
conditions of loading. These reactions must be determined and the wall section 
proportioned accordingly. This point is important, for the truss action assumed 
above is based on the fact that rigid supports are available. 

The stresses in all members of the truss of Fig. 109 (a) will be determined for 
vertical panel loads of unity placed as shown on the truss diagram. Since the 
truss is assumed to be supported by hinges at A and L, and since hinges are 
assumed at D and K, thereactions at A and L can be determined from the condition 
that the equilibrium polygon drawn for the applied loads must pass through the 
points A, D, K, and L. This construction can be carried out by the methods 
outlined in Art. 51. 

Figure 109 (5) is a force diagram constructed for one-half of the structure. 
By the methods referred to above, it was found that 1 of Fig. 109 (0) is the pole 
for the equilibrium polygon passing through points A, D, K, and L of Fig. 109 (a). 
Hence I-a of Fig. 109 (b) represents to scale, the amount and direction of the 
reaction at A of Fig. 109 (a). The diagram of stresses in the members is readily 
constructed. Figure 109 (b) shows the completed diagram. All stresses are 
indicated on the members, and are denoted by D. L. (dead load). 

The stresses in all members of the truss were also determined for unit wind 
loads acting normal to the left-hand side of the roof surface, as shown on Fig. 
109 (a). As stated above, to maintain a stable structure, a curved member GM 
must be provided. Although the member provided is curved, the stress in this 
member can be determined as for a straight member connecting G and M. This 
straight member is shown by dotted lines in Fig. 109 (a). Having given the stress 
in this straight member, the resulting fiber stresses in the curved member can be 
determined by the methods given in the chapter on Bending and Direct Stress 
in the volume on “Structural Members and Connections.” 

Since the presence of the member GM eliminates the hinge at K, the frame- 
work can be considered as divided into two parts by the hinge at D. The reac- 
tions at A and L for the assumed structure can be determined by constructing 
the equilibrium polygon which passes through points A, D and L. By the 
methods referred to above, it will be found that point 1 of the force polygon of 
Fig. (c), constructed for the applied loads, is the true pole for the required 
equilibrium polygon, and that /-r and l-e give the amount and directions of the 
reactions respectively at A and L of Fig. 109 (a). Figure 109 (c) gives the com- 
plete stress diagram as constructed for the applied loads. All stresses are indi- 
cated on the members in Fig. 109 (a), and are denoted by W. L. (wind load). 

59. Analysis of Combined Trusses.—Roof trusses are often framed by com- 
bining two different types of trusses. In Fig. 110, a simple truss, ABC, is sup- 
ported at the ends by a bracket, ADZ, which, together with the walls, forms a 
cantilever truss ADF. The combined structure thus formed can be analyzed by 
separating it into its parts. Thus the truss ABC can be analyzed and the reac- 
tions and stresses determined. The reaction of truss ABC can then be applied 
as a load on the bracket ADE of Fig. (b), and the stresses in the members of the 
bracket and the bending moments at the foot of the wall can readily be deter- 
mined by the methods used in the preceding chapters. 

Combination trusses formed from a simple truss and an arched truss of the 
ribbed type are often encountered. Figures 102 and 103 of Art. 56 show examples 
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of this type. In many cases the arch members are used only for decorative 
purposes, and are not intended to carry loads except possibly their own weight. 
In other cases it is assumed that both systems assist in carrying the applied loads. 
Under such conditions, the exact distribution of the applied loads to the two 
systems offers a very complicated problem. While this problem can be solved by 


(2) 


Fie. 110. 


methods developed in works on stresses in statically indeterminate structures, 
in general it can be said that this procedure is not necessary. An experienced 
designer can generally estimate the probable distribution of loads between the 


Fie. 111. Hie. 112. 


two systems. By separating the systems, and treating them as independent 
structures, an analysis of stresses can be made which will answer all practical 
purposes. 


Cast beck washer 
Top char? 


@ 


Fre. 113. 


60. Typical Joint Details for Ornamental Roof Trusses.—In general, the joint 
details for ornamental roof trusses are similar to those used in the chapter on a 
Detailed Design of a Wooden Roof Truss. The framing of members in orna- 
mental roof trusses often calls for joint details in which the members meet at 
acute angles, and where several members meet in a common point. A few of 
these special cases will be considered and typical joint details will be shown, 
without going into the details of the design methods, 
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Figures 111 (a) and (b) show details for the end joint of a scissors truss. The 
angle between the chord members is generally so acute that the details shown in 
the chapter on the Design of a Wooden Roof Truss can not be used. Figure 
111 (a) shows a strap connection, and Fig. 111 (6) shows a bolt and cast-block 
connection. 

Another joint of a form not encountered in the simple roof truss designed in a 
preceding chapter is the one at joint H of the truss of Fig. 107 (a). Where single 
pieces are used for the lower chord members, this detail is made by halving the 
members at the joint, as shown in Fig. 112. Ornamental iron straps are often 
added to hold the members in place. Figure 113 shows joint details in common 
use. 


SECTION 3 
SHORT SPAN STEEL BRIDGES 


STEEL RAILWAY BRIDGES 


The principles involved in the design of steel railway bridges are outlined in 
this chapter, subject to the requirements of the General Specifications for Steel 
Railway Bridges, 1920 Edition, as presented by the American Railway Engineer- 
ing Association. The latest American Railway Engineering Association specifica- 
tions are those of 1941. The 1920 Specifications are printed in full in Appendix A, 
and portions of the 1941 specifications are printed in Appendix B. These 
specifications were drafted by a committee composed of members of the engineer- 
ing staffs of the leading railway and bridge companies of this country and Canada. 
In the opinion of most bridge engineers, these specifications represent the best 
practice in the design of simple short span bridge trusses. 

In the discussion that follows, the reference to Specifications, preceded or 
followed by an article number, refers to the named article of the above-mentioned 
Specifications as given in Appendices A and B. Bold-face numerals in brackets, 
{ ], refer to articles in the 1920 Specifications; in braces { }, to the 1941 
Specifications. 

1. Choice of Type of Structure.—In choosing the type of structure to be used 
in a given bridge, the item of first cost is generally given first consideration. The 
total cost of a bridge will be a minimum when the combined cost of the substruc- 
ture (the foundations) and the superstructure (the trusses or girders) is a mini- 
mum. Other items which must be considered in planning a new bridge are the 
cost of maintaining the structure when in operation, probable life of the structure, 
and safety of operation for the given traffic conditions. However, these latter 
items are practically the same regardless of the type of construction. Hence, 
in general, maximum economy will depend upon the number of spans and type 
of construction. 

The length of span for which the several types of girder or truss bridges are 
used conforms in general to the recommendations of the Specifications, Art. [9], 
{102}. These are as follows: 

For spans up to 35 ft., rolled beams. 

For spans 30 to 125 ft., plate girders. 

For spans over 100 ft., riveted or pin-connected trusses. 

The type of framing used in truss spans over 100 ft. in length has not been 
very closely standardized. In general, riveted trusses of the Warren or Pratt 
type are used for spans from 100 to about 175 ft. In the past, pin-connected 
trusses have been used extensively for these span lengths. At present, the ten- 
dency is to use pin-connected trusses only for the longer spans. For spans from 
150 to about 250 ft., riveted or pin-connected spans of the curved chord Pratt 
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type are used. For spans from 250 to about 500 ft., pin-connected or riveted 
trusses of the Baltimore, Pennsylvania, or K type are used. The longest simple 
truss span to date is the 720-ft. Pennsylvania truss used in the Metropolis bridge 
of the C. B. & Q. Ry. across the Ohio River. For spans over about 500 ft., the 
general practice has been to use structures of the arch, cantilever, or suspension 
type. The discussion which follows will be confined to spans of 300 ft. or less. 

Rolled beams for spans up to about 35 ft. and plate girders for spans less than 
about 70 ft. can be built at less cost than any other type of bridgespan. The shop 
costs for fabrication are low and they are quickly and cheaply erected. Although 
plate girders over 70 ft. in length probably cost somewhat more than truss spans, 
it is considered good practice to use plate girders for spans up to about 125 ft. 
Spans of greater length than about 125 ft. are difficult to transport in single 
pieces because of limited clearance. If long girder spans are made in several 
pieces and spliced in the field, the extra cost of material and labor required for 
these splices more than offsets any other advantages which plate girders may have 
over truss spans of the same length. 

The Warren truss in general requires somewhat less material than a Pratt 
truss of the same span. At present, the general practice is to use riveted trusses 
for spans up to about 200 ft. In the past, pin-connected trusses were widely 
used. These structures served very well for the light loads then in use, but 
for heavy modern loading the light slender eyebar members are not of sufficient 
rigidity. For spans over 200 ft., the exclusive use of riveted members leads to 
large joints and wide members. ‘These are objectionable because of the resulting 
high secondary stresses. Eyebars and pin connections are therefore better 
adapted for longer trusses. The eyebar members required in long spans are 
generally large enough to provide the required rigidity. 

Deck trusses are in general somewhat cheaper than through trusses of the 
same span. In deck bridges, the trusses may be placed closer together than in 
through bridges on account of the clearance between trusses required for the pas- 
sage of the live load. This reduces somewhat the length of lateral members and 
floor beams, resulting in a saving of material. Where there are several spans in 
a bridge, the masonry in deck bridges need not be carried to as great a height as 
in through bridges, which may easily result in a considerable saving in masonry 
costs. Where there is only one span, the amount of masonry required for through 
and deck bridges is practically the same. In general, the deciding factor between 
through and deck spans is the matter of clearance underneath the structure. In 
all cases, the lowest steel must be placed well above high water level. Where 
the surrounding country is low, the cost of fill or trestle approaches to a deck 
bridge may easily offset the difference in cost between the deck and through bridge 
and decide in favor of the latter structure. 

2. Economical Span Length.—In some cases, the length of span is fixed by 
local conditions which fix the position of the piers, such as the requirements of 
the War Department regarding clear waterway, or by foundation conditions 
which limit the choice of pier locations. When the engineer is free to choose 
the position of the piers, it is possible to determine fairly closely the position of 
piers which will produce a structure whose total cost is a minimum. Two 
general methods for the determination of economical proportions will now 


be given. 
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In “De Pontibus,” and also in “ Bridge Engineering,’ Dr. Waddell gives the 
following analysis: 

Assume a crossing of indefinite length in which the depth to bed rock is con- 
stant. Let S = cost per linear foot of substructure; 7’ = cost per linear foot of 
trusses and laterals; ” = cost per linear foot of the floor system; B = cost per 
linear foot of the entire bridge; and L = span length. Then 


B= STF 


It can reasonably be assumed that slight changes in the length of span will not 
materially affect the sizes of the piers. Then the cost per foot of the sub- 
structure will vary inversely as the spanlength. Also, the cost of the trusses and 
laterals may be assumed to vary directly as the spanlength. The above equation 
may then be written in the form 


B= +nb+F 


in which k& and n are constants. Placing the first derivative of this equation, 
with respect to L, equal to zero, we have 


S=T 


This can readily be shown to be the condition which will result in a minimum 
cost for the structure. Hence, the total cost of a structure will be a minimum 
when the cost per foot of the substructure is equal to the cost per foot of the 
trusses and laterals. Note that the cost of the floor system does not appear in 
the above expression. This is due to the fact that the cost of the floor system 
per foot is dependent upon the panel length which does change materially for spans 
of different length. To apply the above analysis to a particular structure, a 
complete design must be made from which the cost per foot of substructure and of 
trusses and laterals may be determined. On comparing these quantities, the 
designer can readily determine the changes required in span length in order to 
secure the desired structure of minimum cost. 

Another method of analysis is given in Part III of “Modern Framed Struc- 
tures” by Johnson, Bryan and Turneaure. Assume as before that the bridge 
is indefinite in length and that the depth to bed rock is constant. Let A = cost 
of end abutments in dollars; B = cost in dollars of the floor and that part of the 
steel weight which remains constant; C = cost in dollars of one pier, assumed as 
constant; L = length of bridge in feet; » = number of spans; / = length of one 


span = a. p = price of steel in dollars per pound; Y = total cost of bridge; 

and al = weight of variable portion of steel weight (see discussion and formulas 

in Art. 3). The total cost of the bridge is given by the following expression 
Y=A+B+(n-—-1)C+ @Lo 


Note that the number of piers is one less than the number of spans. On placing 
the first derivative of this expression with respect to / equal to zero, it can be 
shown that for a minimum value of Y 


1 = (£)" (a) 
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From eq. (1) it can be seen that the economical span length depends upon the 
cost of a pier, the price of steel in place, and upon a constant which appears in 
the formula for weight of the bridge span. The curves shown in Fig. 1 have been 
plotted for varying values of the several terms. These curves are plotted for 
four steel prices and for the values of the constant a as given in eqs. (3) , (4) and 
(5) of Art. 3a. In any case, it is generally possible to estimate the cost of a pier 
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by comparison with other similar structures. Knowing the type of structure 
and the price of steel, the economical span length may readily be determined 
from Fig. 1. 
3. Loads. 
3a. Dead Load.—Article [19] of the Specifications gives the weights 
of material used for track supports and the estimated weight of rails and fasten- 
ings. The estimated weight of girders or trusses for standard types of construc- 
tion may be determined from formulas based on weights of actual trusses. It 
has been found that this estimated weight may be obtained from a formula of 
the type 
w = k(al + b) (2) 


In this formula w = weight of steel per foot of bridge; / = span in feet; k = a 
constant depending upon the live load; and a and b are constants dependent upon 
the span length. It has been found that the weight of stringers and floor beams 
per foot of bridge is practically a constant for all spans. This weight is repre- 
sented in eq. (2) by the term b. The weight of the trusses and laterals, per foot 
of bridge, has been found to vary directly with the span length. It is repre- 
sented in eq. (2) by the term al, 
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For spans up to about 300 ft., designed subject to the requirements of the 
A. R. E. A. Specifications, the following formulas have been found to give fairly 
reliable results: 


Deck Plate Girders 
w = k(12.51 + 100) (3) 
Through Plate Girders 
w = k(14l + 450) (4) 


In eqs. (3) and (4), use the following values of k: 


E-40 loading k = 0.90 
E-50 loading ic — Oy 
E-60 loading k = 1.10 


Values for other loadings may be determined by interpolation. 
Riveted and Pin-connected Trusses 
w = k(8l + 700) (5) 
In eq. (5), k has the following values: 


E-40 loading k = 0.875 
E-50 loading k = 1.00 
E-60 loading k= 1:125 


Values of k for other loadings may be determined by interpolation. Double 
track bridges weigh about 90 to 95 per cent more than a single track span of the 
same type. 

The weight formulas of eqs. (3) (4) and (5) give values which prove very satis- 
factory for spans under 300 ft. In these spans the dead load stresses generally 
form about 15 per cent of the total stress in the shorter trusses and probably not 
to exceed 40 per cent of the total stress for 300-ft. spans. Hence it is not neces- 
sary that the exact dead weight be known. It will generally be found that the 
true weight and that given by formula are in such close agreement that no revision 
of dead weight is necessary. 

In spans over 300 ft. in length, the proportion of dead load stress to total 
stress is greater than the limits given above. Spans over 300 ft. are not as com- 
mon as those less than 300 ft. long. It is therefore not possible to derive reliable 
formulas which will cover these spans. Due to the magnitude of the dead load 
stresses in these spans, it is best to estimate the dead weight either from the 
designer’s previous experience or by comparison with some existing span designed 
for similar loading conditions under the same specification. A design can then 
be made based on the assumed dead weight. After the design has been com- 
pleted, the true weight can be determined and revision made in the assumed 
weight, if an incorrect estimate was made. 

3b. Live Load.—The live load recommended by Arts. [20 to 22], 
{203} of the Specifications is the Cooper loading system and an alternate heavy 
loading consisting of two concentrated loads. This loading will be found to 
answer for all ordinary live load conditions. 

In recent years a number of very large locomotives for heavy freight service 
have been constructed. The number and arrangement of drivers and the axle 
loadings differ widely from those of the Cooper loading system. In an article 
in Trans. Am. Soc. C. FE, for May, 1922, Dr. D. B. Steinman has proposed a 


Sec. 3-3c] SHORT SPAN STEEL BRIDGES 291 


set of loadings which closely approximates the loading conditions produced by the 
heaviest locomotives now in service. These loadings, together with Cooper’s 
loading systems, were recommended in the specifications published in 7'rans. 
Am. Soc. C. E. for Jan., 1923. 
In the designs which follow, Cooper’s loadings will be used. 

3c. Impact.—To account for the dynamic effect of moving loads, 
which is generally known as impact, the stresses due to live load, considered as 
a static load, are increased by an arbitrary factor known as the impact coefficient. 
Articles [28], {206, 207} of the Specifications gives the impact coefficient recom- 


Fra. 2. 


mended by the A. R. E. A. This impact coefficient is based on tests made by a 
committee of the A. R. E. A. under the direction of Dean F. E. Turneaure of the 
University of Wisconsin. A complete record of these tests and the resulting 
conclusions are given in Bull. 125 of the A. R. E. A. 

In the above mentioned bulletin it has been shown that the principal cause of 
impact under locomotives is the effect of unbalanced rotating weights in the 
drivers. These weights are present in the form of counterweights used to bal- 
ance the reciprocating parts of the locomotive mechanism. While the rotating 
and reciprocating parts of the locomotive are balanced, as far as the engine itself 
is concerned, it will be found that with respect to the track and its supports there 
are in existence unbalanced forces which may have considerable effect on a bridge 
when the locomotive is running at high speed. 

Figure 2 shows a locomotive driver with a counterweight at B. The path of 
the center of gravity of this weight during the forward motion of the locomotive 
is shown by the curve ABC. When the weight is at A or C, the centrifugal force 
due to the rotation of the wheel is directed downward, as shown. When the 
weight is at B, its centrifugal effect is directed upward. It is therefore evident 
that there is exerted on the structure an alternating upward and downward force 
tending to set the structure into vibration. When the period of vibration of the 
structure and the period of rotation of the moving weight are equal, the ampli- 
tude of vibration of the structure is cumulative and may cause large additional 
or impact stresses. 

The curve of Fig. 3 (a) shows the deflection curve of a structure due to a slowly 
moving load. If the period of rotation of the moving load and the period of 
vibration of the truss are equal, cumulative vibrations are set up and the deflec- 
tion curve for the rapidly moving load becomes as shown by Fig. 3 (b). The saw- 
toothed curve shows the effect of the alternating upward and downward forces 
on the deflection of the structure. As shown in Fig. 3 (b), one-half the amplitude 
of the cumulative vibration represents the impact effect. Other causes of impact 
are also mentioned in the A. R. E. A. bulletin. These include effect of roughness 
of track such as rail joints and play between wheels and rails, and eccentric 
wheels and defective springs under cars which tend to produce a vibratory effect 
an the hridce Thee causes of imnact are not as readily measured as those due 
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to rotating counterweights. In general it seems probable that their effect is no 
greater than those due to rotating counterweights. 
3d. Lateral Forces.—A bridge truss is subjected to lateral loading 
due to wind pressure on the exposed surface of the truss and the train loading 
which it supports. Also, the side swing of the locomotive and train due to play 
between the wheels and rails, the side sway of the rolling stock due to action of 
the car and engine springs, and unbalanced forces in the locomotive all tend to 
exert lateral forces on the structure. 
To account for these lateral forces, the effect of wind pressure is taken as about 
30 Ib. per sq. ft. of exposed surface, or as a uniform moving load. Articles [32] 
and [83], {209, 210} of the Specifications give the values recommended by the 


(A) 

a /mpoct 
(8) 

Hie. 3: 


A. R. E. A. The lateral loads due to forces set up by the rolling stock are gen- 
erally estimated as a percentage of the specified train load. The recommenda- 
tions of Art. [32] of the Specifications fix this load as 700 lb. per ft. 

3e. Other Loads.—In addition to the loads mentioned above, cen- 
trifugal forces, due to curved track and longitudinal forees due to sudden appli- 
cation of brakes, are also taken into consideration. The probable amount of 
these forces is given in Arts. [86], {208} and [87], {214} of the Specifications. 

4. Design of Steel Railway Bridges.—To illustrate the design methods in 
general use, the computations will be given in detail for the design of simple, 
short span bridges. These designs will include I-beam spans, plate girder spans, 
and riveted and pin-connected truss spans. All designs will be governed by the 
requirements of the 1920 A. R. E. A. Specifications. However, in certain cases, 
where changes have been made in the Specifications, reference will be made to 
those articles of the 1941 Specifications which apply. The designs might also be 
made in accordance with the provisions of the 1941 A. R. E. A. Specifications. 

5. I-Beam Bridges.—Design an I-beam bridge of 18-ft. span center to center 
of bearings. Assume Cooper’s E-60 loading. A timber floor consisting of ties 
and guard rails will be used. The arrangement of I-beams shown in Fig. 4 (6) 
will be adopted. Four lines of beams are used, two under each rail. The beams 
are placed 1 ft. apart to facilitate fabrication. 


5a. Design of Wooden Floor.—From the Specifications, the wooden ties are 
to be designed for an axle load of 75,000 lb. (Fig. 3, Art. [20], Specifications). A working 
stress of 2,000 lb. per sq. in. is to be used; the axle load is to be divided over three ties; and 
the impact allowance is to be taken as 100 per cent of the live load (Art. [24], Specifications). 
For the conditions shown in Fig. 4, the moment under each rail, assuming the tie to act as a 
simple beam between I-beams, is (44) (75,000)(12)(14) = 75,000 in.-lb. The section 


10) rubatnt' 
modulus required for each tie is then 3.000 = 37.5 in.’ An 8- X 8-in. tie, section modu- 
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bd? (8)(8)? D8, ae 
lus = 6 = 6 = 85.3 in.,* is larger than necessary, but it is about the smallest tie 
which would be used in practice. To conform to the requirements of Art. [24] of the Specifi- 
cations, the ties will be placed 12 in. center to center, and to prevent bunching, a 6- x 6-in. 
guard rail will be notched over the ties at their ends as shown in Fig. 4. 


Eno View tye 
x : LL PES one aa as 18-0" «, toc. Bearings — —~_ _ _ at 
(@) ELEVATION 
(@ 


Fic. 4.—General drawing 18-ft. I-beam span, Coopers’ E-60 loading. 


5b. Design of I-Beams.—The dead weight of the bridge floor, subject to the 
conditions of Art. 19 of the Specifications, is as follows: 


(8) (8) (4.5) (10) 


Ties (12) = 240 
; 26 (6) (4.5) _ 

Guard r (12) = 2, 

Rails, etc. = 150 


417 |b. per ft. of bridge. 


The size of I-beams is as yet unknown. It will be assumed that each beam weighs 100 lb. 
per ft. The total dead load is then 44[417 + 4(1,00)] = 409 Ib. per ft. per rail. Maximum 
dead load moment = Mwi? = (1%) (409) (18)?(12) = 198,000 in.-lb. for each rail. 

The live load moment to be used in designing the beams is the absolute maximum 
moment due to the loads shown in the figure of the Specifications (Art. [20], {203}). 
Methods for the calculation of this moment are given in the volume on ‘‘Stresses in Framed 
Structures.’’ It is there shown that the absolute maximum moment occurs under wheel 3 
when the loads are placed as shown in Fig. 5. The moment under wheel 3 for each rail is 


2 ° 
an pee 150,000 | (12) = 3,060,000 in.-Ib, 


From Art. [28], {206, 207} of the Specifications, the impact coeffi- 
cient is (2) (?) (+) 

ae ene ig a 

300 + 28" 5 

i a ts ns Oe ee bale aellt 
Hence the impact moment is (0.99) (3,060,000) = 3,030,000 in.-lb. Fic. 5. 
The total moment to be carried by the beams under each rail is then 
198,000 + 3,060,000 + 3,030,000 = 6,288,000 in.-lb. 
The allowable bending stress on extreme fibers of rolled beams is 16,000 lb. per sq. in. 


(Art. [38], {301}, Specifications). Hence the section modulus required for each of the 
beams under one rail is 


294 STEEL AND TIMBER STRUCTURES [Sec. 3-5c 


1 
=) (6,288,000) 
E -% __G) (6.288.000) = 196.2 in.? 


16,000 


A 24-in. 100-Ib. I-beam has a section modulus of 197.6 in. The dead weight as assumed is 
therefore correct and no revision is necessary. 

5c. Design of Lateral Bracing.—Figure 4 (c) shows the arrangement of the 
lateral bracing. To avoid interference between the ties and the laterals, the top of the 
angles have been placed about 6 in. below the top of the I-beams. 

From Art. [32], {209} of the Specifications, the lateral system is to be designed for a hori- 
zontal force of 700 lb. per ft. plus the wind effect on the exposed area of the structure. As 
shown in Fig. 4, the exposed area of the I-beam span is about 3 sq. ft. perlin. ft. Hence, the 
lateral load due to wind is (1.5) (3)(30) = 135 lb. per ft. However, Art. [32] of the Speci- 
fications places a lower limit on the amount of wind pressure which may be used. Since 
the structure under consideration is shallow, it will be assumed that it has only a loaded 
chord and the wind load to be carried will be taken as 200 lb. per ft. Hence total hori- 
zontal load = 700 + 200 = 900 Ib. per ft. 

As shown in Fig. 4, the lateral panels are 6 ft. long. Hence wind panel load = 
(900) (6) = 5,400 lb. For this loading, the stress in the end lateral diagonals is 
(62 + 42)3 

4 


(5,400) = 9,750 lb. tension or compression. Also, stress in center lateral 
1 62 + 42)? 
diagonal = 46,400) = 3,250 lb., tension or compression. 


The smallest angle which may be used in lateral bracing is a 314- & 3- X 3-in. angle 
(Art. [113], Specifications). This angle will be found to provide sufficient area for the 
stresses calculated above. Figure 4 shows the details of the lateral system and the 
diaphragms which act as separators for the main I-beams. 

5d. Design of Sole Plates.—The sole plates must be designed to transfer the 
maximum end reaction to the masonry. It will be assumed that the abutments are of con- 
crete for which the allowable bearing pressure is 600 lb. per sq. in. (Art. [38], Specifications). 

The maximum end reaction for E-60 loading occurs when wheel 2 is placed at the end 
of the span. End reaction = oe 3 +8 +13 +18) = 70,000 lb. Impact coeffi- 
cient = 0.99 per cent. Impact reaction = (0.99)(70,000) = 69,300 lb. As given above, 
dead load = 409 lb. per ft. Hence dead load reaction = (14) (409)(18) = 3,700lb. Total 
reaction = 70,000 + 69,300 + 3,700 = 143,000 lb. Bearing area required on concrete 


i 143,000 “ 
masonry under each pair of I-beams = 600. = 238 sq. in. 


As shown in Fig. 4, a 34-in. masonry plate rests on the concrete. A 12- X 28-in. sole 
plate is fastened to the I-beams. This plate is made wide enough to provide room for the 
anchor bolts. Area provided in bearing = (12)(28) = 336 sq. in. 

The thickness of the sole plate is determined by the bending stresses in the part of the 
plate overhanging the I-beams. This projection is 43g in. Assuming the reaction as 
uniformly distributed over this plate, the load per square inch is anus = 426 lb., and the 


moment per inch of plate at the edge of the I-beam is (14) (426) (4.375)? = 4,080 in.-Ib. 


M 
The thickness of plate required is given by the formulat = =, in which M = bending 
moment and f = allowable fiber stress. For f = 16,000 Ib. per sq. in. (Art. [38], {301}, 


6) (4,080 3 5 
Specifications), ¢ = ye 000 ) = 1.24in. Use a 114-in. plate, as shown in Fig. 4. 


The anchor bolts are designed to take up the longitudinal force due to braking of the 
train. for the bridge under consideration, this force is (0.20)(120,000) = 24,000 lb. (Art. 
[37], {214}, Specifications). As shown in Fig. 4, there are two bolts at each end of each 
pair of I-beams. Assuming this force to be taken by the bolts at one end of the span, 


the area required, using the same shearing value as for rivets (Art. [38], {301}, Specifica- 


. ._ 24,000 ; is ‘ 
tions), is 72.000 = 2.0 sq. in. Two 114-in. round bolts will be used at each end of the 


beam. All details are as shown in Fig. 4. 
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6. Deck Plate Girder Bridges.—The general principles of design for railway 
deck plate girder bridges will be illustrated by the complete design of a 60-ft. 
span. Figure 22 shows a general drawing of the structure as designed. It will 
be assumed that the center of bearings are set back one foot from the end of the 
span. The effective span (Art. 


< : a Guard Fra! 
[11], Specifications) is then 58 ft. / 
To conform to the requirements 7 PONTE Cap aaa FA 
7 'S. " 


of Arts. [12] and [115] of the 
Specifications, the distance cen- 
ter to center of girders will be 
taken as 6 ft. 6 in. 

6a. Floors for Deck (a) 
Plate Girders.—The floor system 
for a deck plate girder may be 
of the solid floor, or of the open 
floor type. Solid floors are used 
when ballasted tracks are laid 
over the bridge, and open floors 
are used when the track is not 
ballasted on the bridge. 

Figure 6 shows two types of 
solid floors: The floor of Fig. 
6 (a) consists of bridge ties laid side by side to form a continuous sheet. Guard 
rails placed at the ends of the ties hold the ballast in place. The ties and guard 
rails are generally creosoted to prevent decay. Figure 6 (b) shows a reinforced 
concrete floor system of the standard type adopted by the C. M. & St. P. Ry. 

Open floors generally consist of wooden ties spaced with openings not to 
exceed 4 in. (Art. [24] Specifications). Figure 7 shows the details of the open 
floor designed for the 60-ft. girder under consideration. 


F 


\, b= DG 
Ballast fp 


(®) 


Fia. 6. 


(6'x8'Guard Design of Wooden Floor.—In designing 

‘ fat wooden ties, the moment due to the weight 

of the tie is so small compared to the 

moment due to live load that the weight of 
£3 aps the tie may be neglected. 

mare, Tien The Wooden ties are to be designed to carry 

al ere wins Pie a load of 75,000 lb. on each rail distributed 

tac girders over three ties (Arts. [24], {109} and [20], 

Fic. 7. {203}, Specifications). The allowable fiber 

stress must not exceed 2,000 Ib. per sq. in. 


For the conditions shown in Fig. 7, the maximum moment in the tie is (14) (75,000) (9) = 
225,000 ; 
225,000 in.-lb. Hence, section modulus required = 000° = 112.5 in. An 8- X 10-in. 


2 
tie, placed with the 10-in. side vertical, furnishes a section modulus = oe = Sor = 
133.3 in. This tie will be used. 

The ties will be spaced 4 in. apart (Art. [24], Specifications). To prevent bunching, 
guard rails consisting of 6- X 8-in. timbers will be fastened to the ends of the ties. These 
guard rails will be notched about 1 in. at each tie and they will be fastened to the ties by 
bolts placed at each third tie. The ties will be fastened to the girder by hook bolts. 


6b. Design of Main Girders for Deck Plate Girder Bridges. T'heo- 
retical Considerations—In the theory of beams it has been shown that the 


/ 
F 
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variation of bending fiber stress across any section of a beam may be represented 
by the straight line AOB of Fig. 8 (b). When the flanges of a plate girder, or other 
built-up beam, are narrow compared to the total depth of the girder, the resisting 
moment of the section may be determined on the assumption that the fiber stress 
is uniform across the flange section. The stress variation in the flanges is then as 
shown by ab and cd of Fig. 8 (b) and the stress variation across the web plate is as 
shown by AOB. Let f, = average uniform stress on flange area = fiber stress at 


aes 
Flange - r . | 


| 


——h-depth of ——— 
web plate 


center of gravity of flange area; F, = gross area of one flange; and h; = distance 
between centers of gravity of flanges = effective depth of girder. The resisting 
moment of the flange stresses is then M; = F,hif.. Assuming the fiberstress at 
the edges of the web plate equal to f., the resisting moment of a web plate of depth 
h and thickness ¢ is 
Mw = hGefah*t 
Since the'total resisting moment at any section is equal to the external bending 
moment, we have 
M = M,+ My = Fifa + % faht 
It may be assumed without appreciable error that the depth of web plate and the 
effective depth are equal, for this is practically the case in most girders. We may 
then write 
M = (F, + ¥ th)hifa 
But th = area of web plate = Ay. Then 


M — (Fy +. YéAu)ifa (1) 
If f, = average stress on the gross flange area, 
M 
fh G+ WAI @) 


From eq. (2), it can be seen that one-sixth of the gross web area may be con- 
sidered as available flange area. 

On the lower, or tension side of the girder, rivet holes must be deducted from 
the flange area to account for the rivets used in connecting the flange elements. 
Also, rivet holes must be deducted from the web plate to account for rivets in 
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stiffeners or web splices. if 7<-in. rivets are used, 1-in. holes must be deducted 
for each rivet (Art. [78], Specifications). A row of vertical rivets spaced 4 in. 
apart in a web plate will then reduce the gross section by one-quarter. The 
effective web area in eqs. (1) and (2) is then 


(34) 36Aw) = WAw 
F a 3-in. spacing, this quantity becomes 1¢A, and for 5-in. spacing, it becomes 
75 Ae. It is usually assumed that 4-in. spacing is to be used. On the basis of 


this spacing, Art. [116], {426} of the Specifications recommends that 1A, be 
included as flange area. 

If F, = net flange area, and f, = allowable stress in tension on the net 
flange area, eqs. (1) and (2) become 


M = (Fi + MAv)hi fn 3) 
and 
M 
= © ADI © 
The required net flange area is then 
M 1 : 
eg ars ta Sy 


Equation (5) is generally used for the design of the tension flange. The gross 
area of the compression flange is made the same as that of the tension flange. 
This will generally satisfy the requirements of Art. [48], {301} of the Specifica- 
tions and provide a section which is safe against sidewise column action. 

The method of design outlined above may be applied without appreciable 
error to girder sections in which the effective depth is not less than about 90 per 
cent of the total depth of the girder. Assuming a stress variation as shown in 
Fig. 8 (5), it can be shown that f = 1.11f.—that is, the extreme maximum fiber 
stress exceeds the average fiber stress by about 11 per cent. For the girder 
section designed by the approximate method given in Art. 6), the effective depth 
is 95.5 per cent of the total depth and the extreme fiber stress will exceed the 
average value by about 5 per cent. This conclusion is checked by the compu- 
tations based on the moment of inertia method given on p. 303. 

When the effective depth is less than about 90 per cent of the total depth, and 
when unusual sections are used, the moment of inertia method should be used in 
the design. This procedure is recommended in Art. [116] of the Specifications. 

In designing a girder by the moment of inertia method, a trial section must be 
assumed, or it may be designed by the approximate method given above, 
assuming a stress variation as shown in Fig. 8 (b). The extreme fiber stress may 


Mc . : 
then be determined by means of the formula f = > in which f = extreme 


fiber stress; M = moment at section; c = distance from extreme fiber to neutral 
axis, and J = moment of inertia of the section. 

The moment of inertia of the girder section should be calculated with respect 
to the neutral axis as determined by the gross section of the girder. If the rivet 
holes on the tension side of the girder are taken into consideration in determining 
the position of the neutral axis, it will be found that the neutral axis will change 
position at each rivet line. However, the net sections at rivets form only a small 
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portion of the total length of the girder. Since the deflection and distortion of 
the entire girder are properly functions of the gross area of the girder section, it is 
evident that the neutral axis and moment of inertia should be determined from 
the gross area as stated above. The fiber stress on the net flange area may then 
be determined from the fiber stress on the gross area by means of a correction. In 
making this correction, it is reasonable to assume that the fiber stresses on gross 
and net flange areas are inversely proportional to the available flange areas. If 
fn = flange stress on net area, and f, = flange stress on gross area, we have 
Ey PdgAs 
B+ ue I ie 


The available gross and net flange areas are given in the denominators of eqs. 
(2) and (4). Figure 8 (c) shows the assumed fiber stress variation across the 
section. The line AOB shows the fiber stress variation on the gross section, and 
OC shows the effect of rivet holes in increasing the fiber stress on the tension side. 
It is assumed that the fiber stress on the tension side also follows a straight line 
law. 

Economical Depth—The depth of plate girders, as designed in practice, varies 
from about one-eighth of the span length for short spans to about one-twelfth 
for long spans. In some cases local conditions, such as available headroom, may 
fix the depth of girder which must be used. If the designer is free to choose the 
depth of girder, it is possible to determine that depth of girder which will give a 
structure whose weight is a minimum. This depth is known as the economical 
depth. 

It can be shown! that the formulas for least depth are as follows: 

When the moment of resistance of the web is neglected 


M 


When one-eighth of the web area is assumed as available flange area 
E. M 
h= ay (8) 


In eqs. (7) and (8), M = total maximum moment; h = depth of girder; f = 
allowable fiber stress on gross flange area; and ¢ = thickness of web plate. 

It will generally be found that a considerable variation in the depth given by 
eqs. (7) or (8) can be made without causing any great change in the total weight. 
A 20 per cent reduction in the value of A will cause a change of about 2 per cent 
in the weight of the girder. 

The depth which may be used for any girder is also subject to the requirements 
of Art. [120], {431} of the Specifications. This article specifies the unsupported 
depth of a web plate of a given thickness. On p. 300 is given the determination 
of the depth of a plate girder subject to the above conditions. 

Maximum Moments and Shears for 60-ft. Span—The maximum moments 
and shears at various points on the span are calculated by the methods given in 
the volume on “Stresses in Framed Structures.’ For convenience, values will be 
calculated for the points shown in Fig. 9. 


1See Jonson, Bryan and Turnpnaure, ‘‘Modern Framed Structures,’ Part III, 
pp. 184 to 188, 
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Dead Load Moments and Shears—The wooden floor designed in Art. 6a 
consists of 8- X 10-in. ties 10 ft. long spaced 12 in. center to center and 6- X 8-in. guard rails. 
From Art. [19], {202} of the Specifications the weight of timber is to be taken as 414 lb. per 
ft. B.M. Also, the weight of track and fastenings is to be taken as 150 lb. per ft. of track. 


find a 6 ¢ qd e f 


eine [eee 
a eo ee 58'GTo ¢ bearings es Ke 
Fie. 9. 


Since the ties are spaced 12 in. on centers, their weight per foot of bridge is (8) (1% g9)- 
(10) (4.5) = 300 lb. The weight of guard rails, per foot of bridge, is (2)(8{2)(8) (4.5) = 
361b. Including track, the bridge floor weighs 300 + 36 + 150 = 486 lb. per ft. of bridge. 

The assumed weight of the girder for E-60 loading, as given by eq. (3) of Art. 3a is w 
= 1.1(12.51 + 100). Using 1 = effective span = 58 ft., we have w = 1.1[(12.5)(58) + 
100] = 907.5 lb. per ft. of bridge. 

The total dead load for floor and girder is then 486 + 907.5 = 1,393.5 lb. per ft. of 
bridge. We will use 1,400 |b. per ft. of bridge, or 700 lb. per ft. per girder. Dead load 
moments and shears at the several points shown in Fig. 9 due to a load of 700 Ib. per ft. per 
girder are given in Tables 1 and 2. 

Live Load Moments and Shears.—Live load moments and shears due to E-60 
loading are given in Tables 1 and 2. Impact moments and shears are determined from the 
formula of Art. [28], {206} of the Specifications. For moment the loaded length for all 
points may be taken as equal to the span length center to center of bearings. For shear, 
the loaded length is variable, being equal to the distance from wheel 1 to the right end of 
span. For the end of span and for point a, the loaded length should be taken as the span 
length of 58 ft. 


Tasie 1.—Derap, Live anp Impact Moments 


| 
| | 


Points | End ae pul. oe c d e f 


Dead load moment..| 0 75.6 154.2 215.5 259.0 285.5 294.5 
Live load moment...}| 0 512.0) 1,000.0) 1,389.0} 1,652.0) 1,800.0) 1,834.0 
Impact moment....} 0 460 .2 899.0) 1,249.0) 1,484.0} 1,618.0) 1,649.0 
Total M. ft.-lb...... 0 1,047.8) 2,053.2) 2,853.5) 3,895.0) 3,703.5) 3,777.5 
Total M. in.-lb...... 0 |12,573.6\24,638.4/34,242.0.40,740.0/44,442.0/45, 330.0 


Moments given in thousands of foot-pounds and inch-pounds. 


Tasie 2.—Derap, Live aNp Impact SHHARS 


Points End a b c d e bi 


Dead load shear.| 20.3 17.50 | 14.00| 10.50 7.00 3.50 0 
Live load shear..| 143.08 | 127.34 | 108.72 | 90.11 | 72.09 | 55.74] 40.73 
Impact shear....| 128.62 | 114.48 | 98.07 | 82.63 67.19 | 52.67 | 38.94 
Total shear..... 292.00 | 259.32 | 220.79 | 183.24 | 146.28 | 111.91 | 79.67 


All values given in thousands of pounds. 
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It is often possible to detect errors made in the calculation of moments and shears by 
plotting moment and shear curves, as given on Fig. 13. These curves should be smooth 
regular curves. If any calculation errors have been made, they will generally cause sudden 
or unexpected breaks in the curves. When such breaks are noticed, it will generally be 
found on checking the calculations that an error has been made. 

Absolute Maximum Moment.—The absolute maximum moment occurs under 
wheel 13 when that wheel is placed 0.13 ft. to the left of the spancenter. For E-60 loading, 
the absolute maximum moment in a 58-ft. beam is 1,835,040 ft.-lb. The impact moment is 
(0.899) (1,835,040) = 1,650,000 ft.-lb. It is sufficiently accurate to assume that the 
dead load moment at this point is the same as at the span center. Hence total absolute 
maximum moment = 1,835,040 + 1,650,000 + 294,500 = 3,779,500 ft.-lb. = 45,354,000 
in.-lb. Note that this moment is but slightly larger than the center moment as given in 
Table 1. 


Design of Main Girders for a 60-ft. Span. Approximate Method.—It will be 
assumed that no restrictions due to local conditions are placed on the depth of 
the girders. The required depth will then be determined subject to the condi- 
tions stated on p. 298. 


Determination of Depth of Girder—From Art. [38], {301} of the Specifications 
the allowable shear on the gross web area is 10,000 lb. per sq. in. The total end shear, as 
given in Table 2, is 292,000 lb. Hence a web area of 29.2 sq. in. is required. 

For girders of this span, 3g- or 7 g-in. web plates are generally used.. From Art. [120], 
{431} of the Specifications, the maximum depth for a web plate of given thickness may be 
determined by solving the formula there given for D and adding the depth of flange angles. 
Assuming 6-in. flange angles, we have 


h = 4000? + 12 


in which h = allowable depth of web plate, and ¢ = thickness of web plate. For a 3¢-in. 
plate, h = (400)(3g)2 +12 =68.3 in. and for a 4 -in. plate, k = (400)(%{,6)? + 
12 = 88.6 in. Therefore a 3¢-in. plate of maximum depth will furnish a gross area of 
(68.3) (3g) = 25.6 sq. in. and a 74 g-in. plate will furnish (88.6)(%{g) = 38.8 sq. in. Since 
the 3¢-in. plate does not furnish the required area, it will be necessary to use a 74 g-in. plate. 

The depth required for least weight may be determined from eq. (8) Art. 6b. In 
substituting in eq. (8) an assumed value of f must be used. It will generally be found that 
the reduction in flange section due to rivets amounts to about one-eighth of the gross area. 
Hence f ‘in eq. (8) may be taken as seven-eighths of the fiber stress on net area = 
(7%) (16,000) = 14,000 Ib. per sq. in. With M = 45,354,000 in.-lb., and t = }g@ in., as 
determined above, we have 


~ 45,354,000 _ : 
| a aan (eek | Ucar) = 94.6 in. 
000) (+5) 


If this depth be reduced 20 per cent, as suggested on p. 298, we find that a depth 
of (0.8)(94.6) = 75.8 in. may be used. 

A 76- X 1 ¢-in. web plate will be used and the flange angles will be placed 7614 in. back 
to back (Art. [238], Specifications). The web area furnished by this section is (1%) (76) 
= $8.25 sq. in. 

Design of Flange Section—The requirements of the Specifications governing 
the design of flange sections are given in Arts. [116 to 119], {426, 427}. Figure 10 shows 
forms of flanges in common use. The form shown in Fig. 10 (a) is simple and readily 
fabricated. When 6-in. angles are used, the cover plates are made 14 in. wide; for 8-in. 
angles, 18-in. cover plates are used. The division of area between angles and plates is left 
largely to the judgment of the designer. Article [117] of the Specifications recommends that 
the angles form as large a part of the area as practicable. An examination of actual designs 
shows that in some cases as much as two-thirds of the area is furnished by the plates and 
one-third by the angles. Some designers provide half of the required area by means of 
angles and the balance by cover plates. 
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Additional area is sometimes provided by means of side plates, as shown in Fig. 10b. 
Article [117], {427} of the Specifications recommends that this arrangement be used only 
when the use of the form of Fig. 10 (a) would require the use of angles over lin. thick. An 
objection to the use of the form of Fig. 10 (b) is that a deep flange results, for which it is 
not reasonable to assume a fiber stress variation of the nature shown in Fig. 8 (6). 

In some cases it is desirable to have a top flange in which the top surface has the same 
elevation throughout. Figures 10 (c) and (d) show forms of flanges of this type. 


7 Gover or flange plates-, 


Ess | Side plates us 
() (8) (©) CG) 


Fig. 10. 


The design of girder flanges is a cut and try process, for the flange stress, which deter- 
mines the area required, is not known until the true section and effective depth of the girder 
have been determined. In any case the true section may be determined in the following 
manner: Assume that the effective depth of the girder (distance between centers of gravity 
of upper and lower flanges) is equal to the distance back to back of flange angles. Deter- 
mine the flange area required on this assumption. Make up a section which will furnish 
the required area. Determine the center of gravity of this section and calculate the 
resulting effective depth of the girder. Re-calculate the flange stress, using this effective 
depth, and determine the required flange area. Repeat the process until the assumed and 
required areas agree as closely as the choice of sections will permit. 

Applying this process to the 60-ft. span under consideration, we note from p. 300 that 
the absolute maximum moment is 45,354,000 in.-lb., and from p. 300, the angles are placed 
76.5 in. apart in the adopted section. Hence, net flange area required (Art. [38], {301}, 
Specifications f, = 16,000 lb. per sq. in.), as calculated from eq. (5) p. 297 with Ay = 
((6)(76) = 33.25 (area 746 X 76-in. web plate), is 


45,354,000 


1 
A eae COO! 33.25) = 37.00 — 4.16 = 32.84 6q. in. 
Fn = (65) (16,000) (3) ) Goer o2-be6q. in 


Note that the total flange area (web, angles, and plates included) is 37.00 sq. in., and that 
4.16 sq. in. of this area is furnished by the web and the balance, 32.84 sq. in., is to be 
furnished by angles and plates. 


_- SPlates 14'xj2" 
ra Ol c.g plates 


y CG ee Ne 22 i eee 


19_,b FF = == x 


The trial section shown in Fig. 11 will be assumed. Assuming %¢-in. rivets, the size 
generally used in bridge work, the diameter of rivet holes must be taken as 1 in. (Art. [78], 
Specifications). The gross and net areas of the section of Fig. 11 is then as given in the 
following table: Two rivet holes will be taken from each plate and two from each angle, 
as shown in Fig. 11. 
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Triau FLANGE SECTION 


Item Gross area | Rivet holes| Net area 
Ae OE NL ONG ahha Noel stand ease ate Seinen ay eee 15.56 eae 12.81 
Be GUVOr splaleSimt 4: 424 gies «hs 06 seven greene 23 .63 3.38 20). 25 
30:19 *.| cea 33.06 
lg Web area = (3£)(%{6)(76) = | 4.16 
Wotalavailable flange area. ....:.20+.++0-.6)  |sase- | 2h ae | 37.22 


All values in square inches. 


As shown by the above table, the net area furnished by angles and plates is 33.06 sq. in., 
and the total available flange area is 37.22 sq. in. 

To locate the center of gravity of the flange section of Fig. 11, take moments about any 
axis, using the areas of plates and angles as forces and the known distances from the given 
axis to the center of gravity of these areas as lever arms. On dividing this moment by the 
total area of the section, the result will be the distance from the given axis to the center 
of gravity of the entire section. Let the assumed axis be taken at the backs of the angles, 
as shown by z-z of Fig. 11. Using gross areas and lever arms as indicated on Fig. 11, 
assuming that the moment of areas below the axis is positive, we have 


= = (15.56) (1.75) — (23.63) (0.845) 


39.19 = 0.18 in. 


As shown on Fig. 11, the center of gravity of the section is located 0.18 in. below the backs 
of the angles. 

Assuming that the top and bottom flange sections are alike, which is the usual case, the 
true effective depth of the girder is 76.5 — (2)(0.18) = 76.14 in. Again applying eq. (5), 
the area required is 

pr, — _.45:354,000 


= ESO '©) (33.25) = 37.23 — 4.16 = 33.07 sq. in. 


Since the trial section provides practically the exact area required, it will be adopted, pro- 
vided it answers certain requirements of the Specifications. These requirements are as 
follows: Article [38], {301} states that the horizontal shear in flange angles of girders shall 
not exceed 4,000 lb. per sq. in. Article [48], {301} states that the stress per square inch on 


l 
compression flanges of girders shall not exceed 16,000 — 150;, in which 7 = the length of 


the unsupported flange between lateral connections, and b = the flange width. 

The unsupported flange length, which is to be taken as the lateral truss panel length, is 
not known at this time. From subsequent calculations given in Art. 6f it is shown on 
Fig. 17 that this panel lengthis 7.1 ft. With! = 7.1 ft., and 6 = 14in., the width of cover 
plate shown in Fig. 11, the allowable fiber stress is found to be 


7.1) (12 
16,000 — (150) ae = 15,100 lb. per sq. in. 
From eq. (2), p. 296, the fiber stress on the compression flange is 


The existing fiber stress is therefore less than the allowable and the requirements of Art. 
[48], {301} of the Specifications are satisfied, 
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The horizontal shearing stress in the legs of the flange angles will now be investigated. 
This shearing stress may be determined from eq. (4) p. 307. From this equation it is evi- 
dent that the horizontal shearing stress is a maximum where the external shear is a 
maximum, which is at the end of the girder. From Table 2, p. 299, this shear is 292,000 lb. 
Also, it can be seen that the shearing stress in the angle is a maximum at the location of the 
inside row of rivets (Fig. 22). The term F’, of eq. (4) may therefore be taken as the total 
area of the angle. For the compression flange, assuming the section at the end of the girder 
to consist of two angles and one cover plate, we have from eq. (4) 


292,000 23.43 
= ——_— X wae ey = 2,340 Ib. per sq, in. 
il 23.43 + 5.64 
(73.68) (2) '€ ( 5 ieee 


For the tension flange, assumed as consisting of two angles, 


292,000 (12.81) 
ee EX Li am 27180 Ib. per'sq. in. 
Tl 12.81 +416) ~~ 
(73.68) (2) (se ( sateen 


In these calculations, the effective depth h = 73.68 is determined for the flange section 

assumed above, and bd is taken as (2) (144g) in., the thickness of two angles. Since the 

values calculated above are well within the allowable 

value of 4,000 lb. per sq. in., the assumed section 3hls (4B Area 2363 $9” 

amply provides for horizontal shear. cad phy ats gps Sa 
The girder section shown in Fig. 12 answers all ue 

requirements of the Specifications and will be adopted 


as final. Figure 22 shows the adopted section. as ‘ 
It is not always possible to obtain as close agree- Web plate : 

ment between areas required and provided as that 16'xg Leal 

obtained in the above computations. Some designers ee an 


require the agreement between provided and required 
areas to be such that the resisting moment of the area 
provided (see calculations for cover plate cut-off given 
in Art. 6c, p. 304) shall not exceed the maximum 
bending moment by more than 1 per cent. When Fie. 12. 

the difference between required and provided areas is 

small, the desired agreement may be obtained by varying the thickness of the angles, or the 
thickness of all or a part of the cover plates. It is sometimes possible to secure the desired 
agreement by a slight change in the distance back to back of the flange angles, 


Design of Girder by the Moment of Inertia Method.—In designing a girder by 
the moment of inertia method, a trial section must be assumed and the extreme 


fiber stresses calculated from the formula f = a. The correction for rivet holes 
on the tension side of the section has been discussed on p. 298 of Art. 60. 


Assume first a section of the dimensions designed in Art. 6b. Figure 12 shows the 
assumed section. The neutral axis is taken at the center of the web plate, for reasons given 
on p. 297. 

The calculations for moment of inertia of the section are given in the table below. In 
calculating the moment of inertia of the several areas, the formula J = I, + Ax? is used, in 
which J = moment of inertia of any area about the neutral axis of the entire section; I, = 
moment of inertia of any area about its own gravity axis; A = areaof any plate or angle; 
and x = distance from center of gravity of any area A to the neutral axis of the entire sec- 
tion. Gross areas are to be used. All dimensions are shown on Fig. 12. The moment of 
inertia of the web plate may be taken directly from the rolling mill handbooks, 
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Moment or INwRTIA OF GIRDER SECTION 


Item A £ Az? yi vA 
Webeplate 7617 git: sae Sey NAGI Pe eae or es, tre 16 ,000 
BIST OE O Ua Gist e ee eel! ae ome 36.50 41,500 104 41 ,604 
2.(3 Plates, 14 X %@)........ 47.26 39.09 72,300 il 72,306 
AWS 3 IE A aia, a Gone era Mes Weegee) ars 129 ,920 


Mec 
From the general equation f = T we have 


_ (45,354,000) (39.94) 


fo = 129,920 = 13,950 lb. per sq. in. 


To determine the extreme fiber stress on the net section, use eq. (6), p. 298. From 
the values given in the table on p. 302, Fn + }¢Aw = 37.22 and F, + %Aw = 39.19 + 
5.54 = 44.73. Then 

tt (44.73) (13,950) 


rag (87.22) = 16,780 Ib. per sq. in. 


The extreme fiber stress on the tension side of the girder therefore exceeds the allowable 
value of 16,000 lb. per sq. in. by about 4.9 per cent. 

The extreme fiber stress may be reduced by increasing the flange area. It will be found 
that a given area added to the cover plates will cause a greater reduction in fiber stress than 
will be obtained by adding the same area to the angles. A modified section consisting 
of two 6- X 6- X 114¢-in. angles and three 16- X 9% g-in. cover plates wasassumed. Repeat- 
ing the above calculations for the modified section, it was found that the extreme fiber 
stress on the net section is 15,200 lb. per sq. in. This is less than the allowable and the 
modified section is therefore satisfactory. 


6c. Length of Cover Plates.—The girder section designed in Art. 
6b is required only for a short distance near the point of maximum moment. As 
shown in Fig. 13, the moment curve resembles a parabola. Near the ends of the 
girder, the moments are smaller than those near the center. It is therefore possi- 
ble to use a smaller section near the ends of the girder. This reduction in girder 
section may be secured by cutting off the cover plates one by one, until only the 
web plate and angles remain at the end of the girder. 

To determine where the several cover plates may be cut off, the moment of 
resistance of the section must be determined for the web plate and angles alone, 
and also for the web plate and angles in combination with one, two and three 
cover plates. These several moments of resistance may then be plotted on the 
moment diagram, using the same scale as for plotting the moment diagram. 
The intersection of the lines indicating the several moments of resistance and 
the moment curve will show where the plates may be cut off. 

The moment of resistance of the web plate and angles in combination with the 
cover plates may be determined from eq. (3), p. 297. This equation is as follows: 


Mr <= (Fa “5 WAu)hifn 


in which Mz = moment of resistance of section; F, = net area of flanges, com- 
posed of the angles and one or more plates; Aw = gross web area; h; = effective 
depth of girder for the given flange section; and f, = allowable fiber stress on net 
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section = 16,000lb. persq.in. The effective depth required in these calculations 
is determined by the method used on p. 302 for the section shown in Fig. 11. 


Two Angles and Three Cover Plates —From p. 302 the total net area (two angles, three 
plates and one-eighth web) is 37.22 sq.in. The effective depth of girder is 76.14 in. (p. 302). 
Then from eq. (3) 

Mr = (87.22) (76.14) (16,000) = 45,355,000 in.-lb. 

Two Angles and Two Cover Plates ——The center of gravity of this section is located 0.58 
in. inside the backs of the angles. Hence, effective depth = 76.5 — (2) (0.58) = 75.34 in. 
Net area of al4- X %g@-in. plate = (14 — 2)%g = 6.75sq.in. Hence net area two angles 
and two cover plates (one-eighth webincluded) = 37.22 — 6.75 = 30.47 sq.in. Fromed. (3) 

= (30.47) (75.34) (16,000) = 36,700,000 in.-lb. 

Two Angles and One Cover Plate-——The center of gravity of this section is located 1.07 
in. inside the backs of the angles. Effective depth = 76.5 — (2)(1.07) = 74.36 in. Net 
area two angles and one cover plate (one-eighth web included) = 37.22 — (2)(6.75) = 
23.72 sq. in. From eq. (8) 

= (23.72) (74.36) (16,000) = 28,200,000 in.-lb. 

Two Angles —Net area two angles = 12.81 sq.in. Including one-eighth web area (4.16 
sq. in.), the available net flange area = 16.97 sq. in. The center of gravity of the angle 
section is located 1.75 in. from the back of the angle. Effective depth of girder = 76.5 
— (2)(1.75) = 73.0in. From eq. (3) 

Mr = (16.97) (73) (16,000) = 19,820,000 in.-lb. 


The several moments of resistance as plotted to scale in Fig. 13 are repre- 
sented by the horizontal lines 1-1, 2-2, 3-3 and 4-4. At point 2, where the line 


40,000000 


ert in Inch Pounds 
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2-2 intersects the moment curve, the available flange area provided by the angles 
and two cover plates is sufficient to provide for the moment to the left of point 2. 
Hence the top cover plate may be cut off at point 2, at a distance of 13.4 ft. from 
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the center of the span. This distance is determined by scale from Fig. 13. In 
the same manner, two plates may be cut off 18.3 ft. from the girder center, and 
from the end of the girder to a point 22.2 ft. from the girder center, the angles 
alone (plus one-eighth web area) will provide for the bending moment. 

The length of cover plates is sometimes determined on the assumption that 
the bending moment curve is a true parabola. Formulas based on this assump- 
tion and illustrative problems which explain 
the application of the formulas are given in 
the volume on “Structural Members and 
Connections.” 

6d. Rivet Spacing in Flanges.— 
The design of riveting between the flanges 


! 
‘ 
1 
I 


he effective and the web, and between the elements of the 
ee flanges, is governed by Arts. [121] and [38], 
: {301} of the Specifications. Article [38] 

| states that the allowable shearing and bear- 

ing values for rivets are respectively 12,000 

° and 24,000 lb. persq.in. Article [121] states 


that the riveting between flange and web 
(a) - (6) must be designed to carry the horizontal 
Fia. 14. shear at any point combined with any load 
applied directly to the flange. Such loads 

are to be assumed as distributed over 3 ft. of flange. 
The horizontal shear at any point in the flange may be determined from the 


Vm : : : ‘ F 
common formula v = De In this equation, v = intensity of horizontal shear on 


any plane; V = total shear on a vertical section of the girder; m = statical mom- 
ent of area outside the shear plane with respect to the neutral axis of the girder 
section; J = moment of inertia of girder section; and 6 = width of shear plane. 

The horizontal shear may also be determined by the following approximate 
method. Let a-a and b-b of Fig. 14 represent two sections of a girder at a dis- 
tance dx apart. Let S; and S2 represent the total flange stresses on these sections. 
The change in flange stress between the two sectionsis S; — S;. If M,and M; = 


i Ty \ f 
M, . - Ms, When the 


sections are taken close together, @, — M2. = dM = increment of moment across 
1dM 


section. If dS = increment of stress per unit of length, we have dS = Paap 


But from the theory of beams, ms = V = shear on vertical section. Hence 


dS = = (1) 


In deriving eq. (1) it is assumed that all the moment is taken by the flanges. If 
a portion of the web area be considered as available flange area, dS will be pro- 
portionally reduced, and we have for the compression flange 


moments at sections a-a and b-b respectively, S; — S2 = 


V F 
dg mecha 
WA 5 Ae (2) 


in which F, and A, have the values as defined on p. 296. 
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The horizontal shear per unit of length on any plane 2-z of Fig. 14 (b) is equal 
to the proportional part of dS which acts above a-x. If F, = gross area of flange 
section and F, = gross area above 2-2, 


PES at 
ao 
te te Hie 


horizontal shear on x-r = V, = dS 


(3) 


The intensity of horizontal shear on z-, which will be called vz, is equal to the 
shear given by eq. (3) divided by the area on section z-a. If b = width of flange 


Fig. 15. 


section at x-x (web plate not included), the area per unit of length of girder on 
this section is b. Hence 
Vi ak. EK 


pg ele ee 
hb F, Fy + ade 


(4) 


These values are given for the compression flange. For the tension flange 
F, and %A,y should be substituted in eqs. (3) and (4) in place of F, and Ay. 

Rivet Spacing between Flange Angles and Web Plate-—The rivets connecting 
the flange angles to the web, as shown in Fig. 15 (a), must transfer from flange to 
web, the total difference in flange stress between sections a-a and b-b. Hence 
in eq. (3), F. = F,. If p = distance between rivets in the compression flange, 
the total horizontal shear over the distance p must not exceed the value of a rivet. 
Let r = value of one rivet. Then pV, = 1, from which 


1 
er Malate vac (5) 
bem 3 F, 


Equation (5) gives the rivet pitch for the compression flange. For the 
tension flange, F, and 14A~ are to be replaced by F, and 1A » respectively. 
e 
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When the ties rest directly on the top flange angles, as shown in Fig. 15(0), 
the rivets must transfer to the web these vertical loads in addition to the hori- 
zontal shear in the flanges. Let w = load per inch on top flange due to vertical 
loads. If p = rivet pitch, the vertical load to be carried by a rivet is pw. As 
before, the horizontal load carried by a rivet is pVs. If r = value of a rivet, the 
resultant of the horizontal and vertical forces on the rivet must not exceed r. 
Hence 


r = [(pVs)? + (pw)?]# 
from which 
r 


= Se 
i epee (6) 
Eyot gan 


Equation (6) gives the rivet pitch for the top or compression flange. Fora 
tension flange, substitute /, and 1A. in place of F, and Aw. 

When the top and bottom flange of a girder are made alike, as in the 60-ft. 
girder under consideration, it is usual to make the rivet spacing alike for the two 
flanges. In deck plate girders, it will be found that the presence of vertical 
loads on the top flange calls for a closer spacing of rivets in the top flange thanis 
required for the bottom flange, where only horizontal forces exist. In through 
plate girders, where neither flange carries vertical loads, it will generally be found 
that the lower, or tension flange, requires the closer spacing. The closer spacing 
is generally adopted for both flanges, in order to facilitate fabrication in the 
bridge shop. 

The rivet spacing between the flanges and web of a plate girder may be deter- 
mined with sufficient accuracy for all ordinary cases by calculating the spacing 
required at the end, the center, and one or more intermediate points. A smooth 
curve drawn through the plotted values of these required spacings will give to the 
detailer all the necessary information. 

If a very accurate rivet spacing curve is desired, the rivet spacing may be 
calculated at frequent intervals, say every 5 ft. The required shears may 
be taken from a table similar to Table 2, p. 299. Calculations should also be 
made at each point where the flange section changes, as for example, at the end 
of each cover plate. A rivet spacing curve of this nature is shown in Fig. 13. 
The sudden breaks in this curve are due to changes in the flange section at the 
ends of the cover plates. While this procedure is theoretically correct, it is 
hardly warranted by the actual conditions encountered in practice, for in general, 
changes in rivet spacing are made at intervals of a quarter of an inch as a mini- 
mum. The rivet spacing curve should be plotted with sufficient accuracy to 
give this information. 


All data required for the calculation of rivet spacing for the 60-ft. girder under consider- 
ation are givenin Table 3. Variations in flange section are as shown in Fig. 13. From Art. 
[119] of the Specifications, one cover plate on the top flange shall extend the full length of 
the girder. Therefore only the lower flange cover plate next to the angles will be cut off 
at point m of Fig. 13. In determining the effective depth of the girder (A in the rivet spac- 
ing formulas) this must be kept in mind. The effective depths given in Table 3 are taken 
from the calculations given on p. 305. 
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Taste 3.—TasiE or Rivet Pitce Tor FLANGE 


: Gross 

Poi Distance Shear in | Effective Gross flange Compres- 
oint (see from th AeA aioe ats flange 1 sion flange 

Fig. 13) support eee. Be ctaleg area, Oeete rivet 

ais Feat of pounds | _ inches P 14 web piel 

/ F, a5 YeAw 

End 0.0 292.0 | 73.68 15.56 21.10 2.72 

a 4.0 259.3 73.68 15.56 21.10 2.97 

m 6.8 238.0 73.68 15.56 21.10 3.15 

m 6.8 238.0 74.36 23.43 28.97 2.97 

b 9.0 220.8 74.36 23.43 28.97 3.12 

n 10.7 208.0 74.36 23 .43 28.97 3.26 

n 10.7 208.0 75.34 31.31 36.85 3.18 

c 14.0 183.2 75.34 31.31 36.85 3.44 

0 15.6 170.0. 75.34 31.31 36.85 3.59 

to) 15.6 170.0 76.14 39.19 44.73 3.56 

d 19.0 146.3 76.14 39.19 44.73 3.86 

e 24.0 111.9 76.14 39.19 44.73 4.34 

if 29.0 79.7 76.14 39.19 44.73 4.79 


The required rivet spacing for the lower flange is given by eq. (5) p. 307, using net flange 
area and }gAy. In this form the necessary equation is 


1 
Las F, +5 Ae 
a hs a Fa 


The rivets between the web and flange are 7£-in. rivets in bearing ona 3{¢-in. plate. For 
the allowable bearing value given in Art. [38], {301} of the Specifications, r = 9,190 lb. per 
rivet. At the end of the girder, the other terms have the following values. The effective 
depth (two angles and one cover plate on top flange, two angles on lower flange, see Fig. 22) 
is h = 76.5 — (1.75 + 1.07) = 73.68 in. V = end shear = 292,000 lb. (see Table 2, p. 
299). Fa = 12.81 and Fn, + Aw = 16.96 (see p. 302). 

Hence 

tke, 190) (73.68) (16.96 


(292,000) \12.817 = 9-07 in. 


The rivet spacing in the top flange is given by eq. (6), p. 308, which is 


r 


dase os ITY : 
Fy + 64 


In this equation V, A and r have the values given above. From p. 302, Fy = 15.56 and F, 
+ Aw = 15.56 + (16)((6)(76) = 21.10. The term w, which is the load per inch 
due to vertical loads (Art. [121], Specifications) is due to a wheel load of 60,000 Ib. (plus 
impact at 100 per cent) and the weight of the bridge floor, which is 486 lb. per ft. of girder 
60,000 000 486 

(see Art. 6b). Hence, for each girder, w = rT + @(2) = 1,687 lb. per in. On sub- 
stituting these values in the above equation, 

9.19 


a oc 
Grantees) 4 


p= 


2572) in, 
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On comparing the calculated values of top and bottom chord rivet spacing, as given above, 
it was found that the top chord value was the smaller. This same relation will be found 
to be true at all points. Therefore, only the data for the top flange rivet spacing are given 
in Table 3 and the rivet spacing curve for the top flange only is shown in Fig. 13. The 
values recommended for adoption are shown beneath the curve. Note that they vary at 
14-in. intervals. For the adopted rivet spacing, see Fig. 22. 


Rivet Spacing in Cover Plates —The spacing of the rivets in the cover plates may 
be determined by dividing the value of a rivet by the horizontal shear existing 
between adjacent plates. Equation (3), p. 307 gives the value of the horizontal 
shear. If r = rivet value, we have for the compression flange, 


1 
: rhe? + g Ae (7) 
om, Aa ea 
For a tension flange, 
1 
a Pe 


In these equations F, = area of plates outside the shear plane in question. Net 
areas are to be used for tension flange plates and gross areas for compression flange 
plates. All other values are as given above. 


It will be found that the minimum rivet spacing in the cover plate is required at the end 
of the tension flange plate which ends at point n of Fig. 13. From Table 3, we find that for 
the girder section to the right of n, the properties of the section are as follows: Fx + 14Aw = 
30.46 sq. in., A = 75.34 in., and V = 208,000 1b. At this point there are two cover plates, 
whose net area = F, = (2)(14 — 2)(%6) = 138.5 sq. in. The rivets connecting these 
plates arein single shear. Hencer = 7,220 lb. perrivet. From ea. (8) 


— (7,220) (75.34) (30.46) _ 5 99 3, 
(208,000) (13.5) } < 

This spacing is for rivets in a single line. At points m and o, the required spacing was found 
to be 7.92 and 5.96 in. respectively. On Fig. 22, two lines of rivets are shown in place. 
Hence the spacing for each line is twice the calculated value. >» 11 80 in. at pointn. From 
Art. [60], {412} of the Specifications, the maximum allowable spacing of 7-in. rivets is 
6 in. As the spacing calculated above is in excess of the allowable, the rivets in cover 
plates will be spaced not to exceed 6 in. Figure 22 shows the adopted arrangement. 
Note that the maximum allowable spacing is used except at lateral plates, where the 
spacing is reduced in order to cut down the size of these plates. 

To conform to the requirements of Art. [119], {427} of the Specifications, the cover plates 
are extended 18 in. beyond the theoretical cut-off point. This is done to equalize stresses 
in the flange elements before the cover plate begins to take stress. The rivets in this 
additional length of cover plate are generally spaced somewhat closer than at other points 
in order to bind the flange elements firmly together and also to assist in the equalization of 
stress between the flange elements. 


6e. Design of Stiffeners.—The design of the end stiffener angles in 
a plate girder is governed by Art. [124] of the Specifications. Figure 16 shows 
typical arrangements of end stiffeners. The arrangements shown in Figs. 16 (a) 
and (b) secure a narrow member which distributes the reaction evenly to the 
shoe. A wider arrangement such as shown in Fig. 16 (c) requires a wider shoe or 
bearing plate. It is probable that the distribution of the reaction to the shoe is 
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not as even as in the case of Figs. 16 (a) and (b). In Fig. 16 (d) a pair of angles 
at the center of the shoe serves to secure a more even distribution of the load to 
the shoe. 

In designing end stiffener angles, Art. [124] of the Specifications states that the 
bearing between the stiffener and the lower flange angle shall be taken by the 
outstanding leg of the stiffener angle, which shall be made as wide as possible. 
The bearing between the stiffener angle and the flange angle is to be taken at 
24,000 Ib. per sq. in. (Art. [38], {301}, Specifications). 


= 


(c) 


(@ 
Fie. 16. 
For the 60-ft. girder under consideration, the flange angles are 6 in. wide and 11¥g in. 


thick. The stiffener angles may then be composed of 5- X 344-in. angles with the 5-in. leg 
outstanding. From Table 2, p. 299, the end reaction is 292,000 lb. Hence the bearing 


area required is ca = 12.17 sq. in. Assuming four angles, as shown in Fig. 22, the 
thickness required for each angle, assuming the width of bearing to be 5 in. per angle, is 
Om 0.608, or 3 in. Hence four 5- X 314- X 5¢-in. angles will be used as end 


stiffeners, arranged as shown in Fig. 22. 

The rivets connecting the end stiffeners to the web must transfer the shear from the web 
to the angles. From Table 2, p. 299 the end reaction is 292,000 1b. The connecting rivets, 
which are in bearing on the }{¢-in. web, have a value of 9,190 lb. per rivet. Hence the 
292,000 

9,190 

In order to facilitate fabrication, it is desirable that the same vertical spacing of rivets 
be used in end and intermediate stiffeners. Hence the spacing of rivets in vertical lines 
must be such that 14, or 121% per cent of the web area is available as flange area. For the 
case under consideration, it was found 4) Fas spacing was necessary. For this spacing, 


the web area available for moment is ¢ ar _ 5) - 0.1295 =say 13 per cent. 


The design of intermediate stiffeners is eae by Arts. [125 to 128], {433} of the 
Specifications. From Art. [126], {433}, it can be seen that such stiffeners will be required, 
for the distance between flange angles exceeds fifty times the web thickness. The width of 
the outstanding leg, as required by Art. [128] of the Specifications, must be not less than 


BS +2 =4.55in. Thisrequiresa5-in.leg. Two5- X 314- X 3¢-in. angles will be used 
au 


placed with the 314-in. legs against the web plate, as shown in Fig. 22. As shown in Fig. 22, 
the intermediate stiffener angles are crimped around the flange angles except where the cross 
frames are connected to the angles. Practice differs in regard to crimping intermediate 
stiffeners. Some designers prefer to keep the angles straight, using fills behind the angles. 

The distance between stiffeners is determined from the formula given in Art. [125], {433} 
of the Specifications. For a 7(¢-in. web plate, this formula may be written 


number required is = 32. Figure 22 shows the required number in place. 


d = 0.01092 (12,000 — S) 
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Stiffener spacings calculated for the shears given in Table 2 are as follows: 


Point End | a b | c | d | € J 


Value of S...... 8,770.0) 7,790.0) 6,640.0 a0 wa 3,360.0) 2,310.0 

(12,000-S)...... als 4,210.0 5,360 . 6,490.0) 7,600.0 8,640.0 9,690.0 

ail 35 4 46.0 58.5) 70.9) 83.0) 94.3) 106.0 
| 


Since the spacings given in this table for points d, e, and f exceed the limits stated in (a) and 
(b) of Art. [125], {433} of the Specifications, the calculated spacing for these points can not 
be used. 

Before deciding upon the spacing of stiffeners to be adopted, it will be best to arrange the 
framing of the lateral system. As shown in Fig. 22, the stiffeners serve as a means of con- 
necting the cross frames to the main girders. Therefore, the adopted stiffener spacing will 
be determined with regard to the requirements of the lateral bracing and cross frames, as 
stated in the following articles. 


6f. Design of Lateral Bracing.—The design of lateral bracing for 
deck plate girders is governed by Arts. [105 to 113], {434 to 438} of the Specifica- 
tions. In general, lateral bracing for deck girder bridges is made of the single 
Warren type. This system of bracing has certain disadvantages due to the 
secondary stresses induced by the deformation of the girder flanges and the 
laterals. These deformations cause lateral deflection of the flanges which are in 
opposite directions at adjacent panel points. The resulting bending stresses 
cause secondary stresses in the flanges which are likely to exceed the amount 
allowable under Art. [47] of the Specifications. Secondary stresses of the nature 
mentioned above may be almost entirely eliminated by the use of a double Warren 
system with transverse members at each panel point. 


Figure 22 shows the lateral bracing adopted for the girder under consideration. The 
double Warren system recommended above is used. To conform to the requirements of 
Art. [107] of the Specifications, a top and a bottom lateral system must be provided, since 
the girder is over 50 ft. long. Some specifications do not require the use of a bottom lateral 
system in,spans up to 70 ft. in length. 

The layout of the lateral system shown in Fig. 22 was adopted because this arrangement 
provides diagonal members whose angle with the direction of lateral forces is approxi- 
mately 45 deg. This can be shown to be the proper angle for maximum economy in use of 
material, Also, an even number of panels permits placing cross frames at every other 
panel. The distance between cross frames as provided is a little over 14 ft., which is within 
the limiting distance recommended in Art. [112] of the Specifications. 

The lateral system must be designed for the loadings given in Art. [32], {209} of the 
Specifications. It will be found that the required loading is 200 + 700 = 900 Ib. per ft. 
for the top laterals and 150 lb. per ft. for the lower laterals. From Fig. 22 the lateral sys- 
tem panel length is about 7.1 ft. Hence the top lateral panel load is (7.1) (900) = 6,390 lb. 

Figure 17 shows the outline of the lateral system, which has been simplified for the pur- 
poses of stress calculation. Considering the applied loads as moving, as required by the 
Specifications, and adopting the conventional method of live loading, the shears and 
stresses in the members are as follows: 


a I a a ee 
Panel | Shear Member Stress 
ab 22,400 ab’ a'b +16,300 
be 16,800 be’ c'b +12,200 
cd 12,000 cd’ cd + 8,700 
de 6,390 de’ ae + 4,600 
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The stresses given in this table are calculated on the assumption that both diagonals in any 
panel are in action at the same time, one member having a tensile stress, the other 4 
compressive stress. This assumption is in accordance with the provisions of Art. [106] of 
the Specifications. The stresses in all transverse struts at the joints are equal, each having 
a compression equal to one-half a joint load, or 3,200 Ib. 

The diagonal members of the lateral system must be designed to act either as tension or 
compression members capable of resisting the stresses calculated above. It is not generally 


yee sec Las 
2 o/ d 


| 
| 
| 
1 
ra] 


a BOT) CER De ee 
Fie. 17. 


assumed, however, that the kind of stress changes during the passage of the train over the 
structure. The members may then be designed as simple tension or compression members 
which are not subject to reversal of stress of the nature covered by the provisions of Art. 
[44], {215} of the Specifications. 

From the table of stresses given above, it will be found that the members of panel ab, 
Fig. 17, have the greatest stress, which is 16,300 1b. Asa trial section, assume a single 314- 
X 3- X 3¢-in. angle for each diagonal. This is the smallest angle which may be used 
according to Art [113] of the Specifications. Since the two diagonals are connected at their 
intersection, as shown in Fig. 22, the unsupported length of the member, considered as a 
column, may be taken as the distance from the intersection of the diagonals to the end rivet 
inthe member. This distance, as scaled from Fig. 22, is about 4.25 ft. The least radius of 
gyration for the assumed section, as given in the rolling mill handbooks, is 0.62 in. and the 


area of the section is 2.30 sq. in. The allowable working stress, as given by the column 


; (4.25) (12) ‘ 
formula of Art. [38], {301}, is 15,000 — 50 — ja = 10,900 lb. per sq. in. Hence, area 


16,300 : : : 
required in compression is 10,900 = 1.49 sq. in. The assumed section provides excess 


area as a compression member. 

As shown in Fig. 22, the diagonals are connected to the girder by rivets through only 
one leg. The design of the diagonals as tension members is therefore subject to the require- 
ments of Art. [55] of the Specifications, which provides that the net area of the connected leg 
and 50 per cent of the area of the unconnected leg shall be assumed as effective area. To 
determine this effective area for the 314-  3- & 3-in. angle under consideration, it will be 
assumed that the area of the 3)4-in. or connected leg, is (3.5)(3¢) = 1.31 sq. in. Hence 
the area of the unconnected leg must be (2.30 — 1.31) = 0.99 sq. in. The effective area 


of the angle is then (3.5 — 1)(36) + (0.5)(0.99) = 0.936 + 0.495 = 1.431 sq. in. The 
16,300 


required net area is 16,000 = 1.02 sq. in. Therefore the assumed section is ample for 
tension and compression. Since the minimum allowable angles are ample for the panel in 
which the stresses are greatest, it is evident that these angles-may be used in all panels 
for the diagonals and transverse members, as shown in Fig. 22. 

The design of the rivets connecting the lateral angles to the girder is governed by Art. 
[57] of the Specifications, which states that the connections must be designed for the full 
strength of the member and not for the computed stresses. Considered as a compression 
member, assuming the full area of the member as effective, the adopted 34- X 3- Xx 3¢-in, 
angle has a strength of (2.3)(10,900) = 25,000 lb. for the allowable working stress deter- 
mined above. Considered as a tension member, the strength of the member for the net 
area given above is (1.431) (16,000) = 22,9001b. Hence the connections must be designed 
for a stress of 25,000 lb. 

The number of rivets required at the ends of each member will depend upon the erection 
methods adopted. If the girders and laterals are riveted up completely in the shop and 
shipped in one piece, which is often done for spans under 60 ft. in length, the connecting 
rivets may be proportioned as shop rivets in single shear at 12,000 lb. per sq.in. The value, 
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25,000 
7,220 
the end of each member. If the girders are shipped separately and the laterals riveted in 
place in the field, the allowable rivet values must be reduced 25 per cent (Art. [38], {301}, 


Specifications). The value of a rivet is then (0.75)(7,220) = 5,420 lb. per rivet, and 
25,000 5 ann 
ee = 5 rivets are required. It will be assumed that the former condition governs and 


of a %-in. shop rivet in single shear is 7,220 lb. Hence = 4 rivets are required in 


four rivets will be used in each member, as shown in Fig. 22. 


6g. Design of Cross Frames.—aAs stated in Art. 6f, cross frames 

will be placed at every other panel point of the lateral system, as shown in Fig. 22, 

which provides a cross frame every 14.1 ft. This meets the requirements of 

Art. [112] of the Specifications, which requires that cross frames be placed at 
intervals not to exceed 18 ft. 

In designing cross frames, it is generally assumed that the end cross frames 

transfer to the abutments or piers the end reactions for the top lateral system, 

while the intermediate cross frames act merely 

eerie, as separators which increase the rigidity of the 

Bi 4. vewor, Structure as a whole The end cross frames 


ete «| must therefore be designed to carry the top 
ae ie teeed chord lateral loads to the supports. The 
+ : : ° 

intermediate cross frames are not designed for 


? : 
| any definite stress but generally are composed 
nth of angles of minimum allowable size. 


Ze d 
| | From Art. 6f/, the total top chord lateral load is 900 
Fig. 18. lb, per ft. Considering the effective length of the top 
lateral system to be equal to the distance center to 
center of bearings, the reaction at each end of the top lateral system is (44) (58) (900) = 
26,100 lb. Figure 18 shows an outline sketch of an end cross frame with the lateral reaction 
load in position. 

In determining the stresses in the cross frame of Fig. 18, it will be assumed that only the 
compression diagonal bc isin action, and that member ad is notinaction. Any load applied 
at b Fig. 18 may be transferred to a support at c over two paths. One path consists of mem- 
ber be and the other path contains members ba, ad, and de. It can be shown that when a 
load is passing from one point to another it may be divided over two paths, the portion of the 
load taken by each path will be in proportion to the relative rigidity of the two paths. Since 
the path offered by member be is shorter and much more rigid than the other path named 
above, it is evident that member be will take the greater part of the load at b. It will be on 
the side of safety to assume that allof the load is taken by member be. Hence 
for the assumed conditions, the stress in be of Fig. 18 is (26,100) (1.39) = 36,200 lb. compres- 
sion. When the lateral forces act at point a, member ad will then be stressed instead of bc. 

Since the diagonal under stress is supported at its center point by the inactive diagonal, 
as shown in Fig. 18, it seems reasonable to assume that the unsupported length of the com- 
pression member be may be taken as the distance from the intersection of the diagonals to 
the end rivets. From Vig. 22, this distance is about 4 ft. Assume the diagonals are com- 
posed of single 5- X 314- X 3¢-in. angles placed with the 5-in. leg against the gusset plates. 
From the rolling mill handbooks, the least radius of gyration of the assumed angle is 0.76 


in. and its area is 3.05 sq. in. The allowable stress in the member is then 15,000 — 50 
(4.0) (12) F P - 36,200 : 
~(0.76) = 11,840 lb. per sq. in. and the required area is ~ = 3.06 sq.in. The 
assumed member provides the necessary area. Since the full strength of the angle is prac- 
tically the same as the load carried by the member, the rivets required in the ends of the 
angle must be proportioned for a stress of 36,200 1b. The number of rivets required in each 


end of the member is therefore oN = 5, the number shown in place on Fig. 22. 
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Complete details of the end cross frames are shown on Fig. 22. The upper and lower hori- 
zontal members have been made the same size as the diagonals. Although the stresses in 
these members are small, large angles have been provided in order to secure a rigid frame. 
Figure 22 also shows the details of the intermediate cross frames. Angles of minimum size 
have been used for these frames. 

The spacing of stiffeners may now be definitely determined. In Art. 6e, p. 310, the limit- 
ing values of stiffener spacing have been determined. Since cross frames are to be placed 
at every other transverse lateral member shown in Fig. 22, it will be necessary to locate a 
stiffener at these points in order to provide the necessary means for the attachment of the 
cross frames to the girders. To conform to the required stiffener spacing given on p. 312, 
the two end panels of the lateral system will be divided into two parts and a stiffener will be 
placed at the first panel point and one at 
the center of each of these panels, as - 
shown in Fig. 22. The distance from the 
first intermediate cross frame to the 
girder center will be divided into three 
parts, and a stiffener will be placed at 
each of these points, as shown in Fig. 22. 
The adopted stiffener spacing will be 
found to answer all of the requirements 
of Art. [125], {433} of the Specifications. 


6h. Design of Web 
Splices.—It is generally not possible 
to obtain rolled plates in single 
pieces which are large enough to 
form the web plates for girder spans (6) 
over about 40 to 50 ft. long. The 
web plates in large spans must yO! 8 
therefore be made from several P 
pieces spliced together. Tables L—- 
given in the rolling mill handbooks d) 
furnish lists of the sizes of plates 
obtainable. 

Theory of Web Splice Design.—Figure 19 (a) shows a portion of a web plate 
subjected to moment and shear. If this plate be cut at any section 1-1, the forces 
acting on the section will be of the nature shown in Fig. 19 (b). To splice any cut 
section, it is therefore necessary to transfer across the section the forces shown in 
Fig. 19 (b). This may be done by means of plates placed one on each side of the 
web plate, as shown in Fig. 19 (c). The rivets connecting the web plate and the 
splice plates must be capable of transferring across the section the forces shown 
in Fig. 19 (6). 

Let ABCD of Fig. 19 (d) show a strip of the splice plate of Fig. 19(c). Assume 
this strip to be located at a distance d from the neutral axis of the plate and 
assume also that the width of the strip is p, the vertical distance between adjacent 
rivets. ‘ 

The action of the bending stresses f of Fig. 19 (b) on the rivets shown in Fig. 19 
(d) is represented by rs. If f = stress on an extreme fiber at the edge of the plate, 


Fie. 19. 


the fiber stress at a distance d from the neutral axis is iin Hence the total 


stress on a section of the web plate of width p is mr, = aptdl, where ¢ = thickness 


= 
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of web plate. If the value of a rivet at the top edge of the web plate is r, it is 
evident that its value at distance d above the neutral axis is proportional to the 
deformation of the web plate under the existing fiber stresses at the edge of the 
plate and at distanced from the neutral axis. Hence the value of a rivet in ABCD 
: ety 
of Fig. 19 (c) is n/2 


may be determined by placing 7, equal to the value of a rivet, as determined above. 


d. The proper spacing of rivets for bending considered alone 


2r 


Fe d, from which 


Hence 2ptd Hl = 


P= 5 (1) 
Since this expression does not contain d, the distance from the strip ABCD to the 
neutral axis, it is evident that the pitch of rivets is uniform over the entire depth 
of the web plate. 

Equation (1) is derived for the conditions existing on the compression side of 
the neutral axis. The value of f in eq. (1) may be determined from eq. (2), p. 
296. On the tension side of the splice the pitch p must be such that the proper 
portion of the web plate is available as flange area. The percentage of web area 
{p—c) 

? 
p = rivet pitch and c = diameter of a rivet hole. In general this percentage 
must be not less than 1214, or one-eighth of the web area. When %-in. rivets 
are used (c = 1 in.) p must be not less than 4in. If p from eq. (1) is less than 4 
in., two or more vertical rows of rivets must be used in order to give a rivet 
spacing of at least 4 in. 

The action of the shearing stresses of Fig. 19 (b) on the rivets shown in Fig. 19 
(d) is represented byr,. It may be assumed with sufficient accuracy that the shear 
V is uniformly distributed over the web. Hence for a web of depth h, the shear 


»in which 


available as flange area may be determined from the equation G) 


per inch is rs If the rivets are spaced at a distance p in a vertical line, the stress 


fe ? , V é : 
on a rivet of Fig. 19 (d) ist, = Pi For a rivet of value r, the pitch for shear, 


considered as acting alone, is 
P=> (2) 


The rivet spacing given by eqs. (1) and (2) assumes that the splice carries 
either moment or shear, but not both. In most cases, the splice must be designed 
for the combined action of moment and shear. The stress on a rivet of Fig. 19 (d) 
is then the resultant due to 7, and ry. We then have r = (rs? + 7,2). On 
substituting in this equation the values of 7, and r, given above, and solving 


for p, the rivet pitch, we derive 
r 
io. VN i ee (3) 
[or+ Z) | 


In eq. (3), r = value of a rivet; f = extreme fiber stress on gross flange area, as 
given by eq. (2), p. 296; £ = thickness of web plate in inches; V = vertical shear 
at splice; and h = effective depth of girder section at the splice. 
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It is possible, by means of splice plates, to cover only that portion of the web 
plate between the flange angles, as shown in Fig. 20. The rivet spacing formulas 
given above therefore apply for the splice plate between the flange angles. These 
plates do not take care of the portion of the web plate under the flange angles. 

To splice the portion of the web eae ee 
under the flange angles, splice plates = y 
may be placed on the vertical legs Pees ofa STS TS SORT | neo cnr Henge 
of the flange angles, as shown at the 
top flange angles of Fig. 20 (a). 
The area of these plates must be 
equal to the area of the web plate 
under the angles. If the splice is 
located near the end of a cover 
plate, as shown at the lower flange 
of Fig. 20 (a), the excess flange area 
provided by the cover plate may be 
utilized in making the splice for the 
portion of the web under the flange 
angles. This may be done when (b) 


Neb splice plate 


920000C0000 


Cover plate-~ 
(a) 


aoe ed, 
ae (-ZE WEEE, If 
mall 


the fiber stress on the flange section Splice plate 
due to bending plus the excess load Sy 
from the web under the flange angles ee Ze Za Ze Vi Web 
does not exceed the allowable fib pia 
wae Were SSE ta J 
mo? Neey, Splice plate 


stress. 

The splice plates, shown on 
the upper flange of Fig. 20 (a), Fia. 20. 
must be connected to the vertical 
legs of the flange angles by rivets capable of transferring the stress in the splice 
plates to the angles. At a section a-a, Fig. 20 (a) in the unspliced web, the 
loads on the rivets act as shown in Fig. 20 (b), which is a horizontal cross- 
section of the web and the vertical legs of the flange angles. The rivets are shown 
to be in bearing on the web plate. Figure 20 (c) shows a horizontal section of the 
web plate, flange angles, and splice plates taken near the splice. The stresses 
in the splice plates stress the rivets as shown by the arrows. To the left (abut- 
ment side) of the splice, the rivet loads are directed to the left. To the right 
(toward the girder center), the rivet loads are directed to the right. On both 
sides of the splice, the loads on the rivets due to stress in the flange angles have 
the same direction as in Fig. 20(b). Therefore, asshown in Fig. 20 (c), the rivets to 
the left of the splice are subjected to extra duty due to the presence of the flange 
splice plate stress. These rivets are in bearing on the web, and must carry the 
loads due to the increments of flange stress and also the splice plate load. Extra 
rivets must therefore be provided on this side of the splice. On the right of the 
splice, the load from the stress in the splice plate tends to relieve the stress on 
the rivets through the web. No extra rivets are therefore required on this side of 
the splice. 

In designing the rivets connecting the splice plates to the flange angles, the 
number of rivets required to the left of the splice is equal to the stress in the splice 
plate divided by the value of a rivet in bearing on the web plate. As stated above, 


Jo abutment we center of span 
-_ Ce ed 
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these rivets must be provided in addition to the number required to transfer the 
increments of flange stress to the web plate, as calculated in Art. 6d. These extra 
rivets may be provided by decreasing the rivet pitch as calculated in Art. 6d. 
Let p = calculated rivet pitch at the splice as given in Table 3, p. 309; n = num- 
ber of extra rivets which must be provided to transfer the splice plate stress to 
the angles; g = revised pitch necessary to provide n extra rivets; and m = 
number of spaces of pitch p which must be shortened to q in order to provide n 
extra rivets. It can readily be shown that 
nq 

m = aa (4) 
The application of this equation is shown in the following article. 

On the right of the splice it can be seen from Fig. 20 (c) that the rivets connecting 
the splice plate to the flange angles are in double shear or in bearing on the legs 
of the flange angles. In general, the former value will govern. The rivets 
required by Table 3, p. 309 may serve the double purpose of splice plate rivets and 
connecting rivets between the flange angles and the web plate. No extra rivets 
are required on this side of the splice. If the splice is located at the center of the 
girder, extra rivets must be provided on both sides of the splice, as noted above. 

The discussion given above has referred only to the conditions existing at the 
top flange angles. It can readily be shown that the same conditions exist also 
at the lower flange. 

Web Splice for 60-ft. Span.—The design of web splices is governed by Art. 
[123] of the Specifications, which states that the splice shall be equal to the web in 
strength in both shear and moment. A splice designed according to these 
requirements may be located at any point in the girder, for the design of the splice 
is determined by the size of the web plate and the allowable working stresses, and 
not by the existing values of the external moment and shear. For the girder 
under consideration, splices will be located at the second stiffeners each side of the 
center of the girder, as shown in Fig. 22. 

To obtain a splice which will develop the full bending strength of the web 
plate, the value of f in eq. (3), p. 316 must be determined on the basis of a fiber 
stress of 16,000 lb. per sq. in. on an extreme fiber of the net web section. The 
corresponding fiber stress on the gross web area, which may be taken as equal to 
the average fiber stress on the gross flange area, may be obtained by multiplying 
the maximum fiber stress by the ratio of net and gross flange areas. That is 


, 
Pat 9 Aw 
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For the girder section under consideration, we have for the compression flange, f = (16,000) 
37.22 


44.73 
full shearing strength of the web plate. _The area of a 76- X 1g-in. plate is 33.25 sq. in. 
Hence its shear carrying capacity is (33.25)(10,000) = 332,500 lb. Rivets in bearing on 
the 74 ,-in. web plate have a value of 9,190 lb. per rivet. The effective depth of the girder 
at the center, as calculated on p. 302 is 76.14in. Then from eq. (3), p. 316, the rivet spacing 
in the web splice between flange angles is 

9.19 


{Las Ge) T+ Gea)’ 


= 13,300 lb. per sq. in. The shear value of the web must be determined for the 


= 1.26 in. 
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The spacing of rivets in the web splice should conform to the spacing in the 
end stiffeners. On p. 311 it was found that 4}4-in. spacing is required in the stiffeners. 


4.5 : 
Hence 126 = 3.56 or 4 vertical rows of rivets are required on each side of the splice. These 


rivets are shown in position on Fig. 21. Bincy spo material less than 3¢ in. thick may be 
used (Art. [58], Specifications), splice plates 3g in. thick and wide enough to take eight 
vertical lines of rivets must be provided. These plates are shown in position in Fig. 21. 

The portion of the web plate under the flange 
angles is 534 in. wide and 7¢ in. thick, and its 
area is therefore (534) (7%{g) = 2.52 sq. in 
Since the portion of the web plate under the 
flange angles is rigidly connected to the angles, 
the deformation of this portion of the web plate, 


* 


and therefore also its fiber stress; may be taken 4 
as the same as the fiber stress on the gross Ris 
flange section, which is given above as 13,300 : : 
lb. persq.in. Hence the stress in the web plate Q 


under the flange angles is (2.52)(13,300) = 
33,600 lb. 

The splice plates on the vertical legs of the 
flange angles must furnish an area equal to 
that of the web plate under the angles. Since Fie. 21. 
no material less than 8 in. thick may be used 
(Art. [58], Specifications) these plates will be made 3¢ i in. thick and as wide as the conditions 
will permit. From Fig. 21, it can be seen that plates 5 in. wide may be used. Hence the 
area provided in splice plates is (2)(5)(3¢) = 3.75 sq. in., which is in excess of the area 
required. 

As stated on p. 317, the rivets connecting the splice plates to the flange angles are in 


33,600 3 
oe = 4 rivets 


bearing on the web plate. The value of a rivet is then 9,190 1b. Hence 


are required. Since the splice plates are separated from the web plate by the flange angles, 
an indirect splice is formed. From Art. [80], Specifications, two extra lines of rivets must 
be provided. As shown in Fig. 21, each vertical line in the splice plate contains one 
rivet. Hence two additional rivets, or a total of six, must be provided on each side of the 
splice. These rivets are in addition to those required for rivet spacing as given in Table 
3, p. 309. From Fig. 22, the adopted spacing in the vicinity of the splice is 444 in. Assum- 
ing that the additional rivets are to be provided by shortening the adopted spacing to 214 
in., we find from eq. (4), p. 318 that to provide n = 6 additional rivets 

— (6)(2%) _ 

— 44 — 2 
that is, on the left side of the splice six 414-in. spaces must be shortened to 2}4 in., as shown 
in Fig. 21. As stated on p. 317, no additional rivets are required on the right side of the 
splice. It will be found that the splice plates on the lower or tension flange may be made 
the same as those calculated above for the compression flange. 

When the Specifications do not require a web splice which will develop the full bending 
and shearing strength of the web plate, the splice may be designed for the existing shear and 
moment. Asan example of this method of calculation, assume that the web plate is divided 
into three parts by splices located at the second stiffener each side of the girder center, or 
about 9 ft. 814 in. each side of the girder center. It will be found that the maximum 
moment at these points is 41,015,000 in.-lb. and the simultaneous shear is 118,8001b. The 
girder section at this point is the same as at the girder center. 

The actual fiber stress on the gross flange section is 

41,015,000 
oe (76.14) (44. 73) 


Then from eq. (3), p. 316, the required rivet pitch is 
9. 19 


© {Loe} + Gea} 


= 12,100 lb. per sq. in. 


= 1.67 in. 
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To conform to the end stiffener spacing of 414 in. adopted on p. 311, three vertical rows of 
rivets spaced at 414 in. must be provided. It is also necessary to investigate the conditions 
which exist for maximum shear and simultaneous moment. The required spacing is found 
to be slightly greater than calculated above. 

The stress on the portion of the web plate under the flange angles is (5 34) (Ke) (12,100) 
= 30,400 lb. If the available flange area is sufficient to carry the flange stress due to 
moment in addition to the web plate stress calculated above without exceeding the fiber 
stress allowed by Art. [48] of the Specifications, side plates are not required on the vertical 
legs of the flange angles. For the conditions stated above, the total fiber stress on the 
compression flange is 


41,015,000 
fi = : (44.73) = 12,800 lb. per sq. in. 
Splice inside ,Solte outside 


\ top angle ! top ong/e 


Stiffners 
not shown 


_ EA ¥ oe oes -- 
4 Splice outside (Splice inside 
bottom angle bottom angle 


On p. 302, the fiber stress allowable under Art. [48], {301} of the Specifications is 15,100 lb. 
per sq. in. Hence side splice plates on the flange angles are not required. However, the 
stress of 30,400 lb. must be transferred across the cut section of the web by the flange 
section. On the side of the splice toward the abutment, additional rivets must be placed in 
the vertical legs of the flange angles, as in the preceding case. These rivets must be suffi- 
cient in number to transfer to the web the portion of the 30,400 lb. load which is carried 
by the vertical legs of the angles. 


6i. Splices for Flange Elements.—It is sometimes necessary in 
very long girders to splice flange elements such as the flange angles and cover 
plates. Since the steel mills are able to roll plates and angles in lengths up to 
about 100 ft., it is seldom necessary to splice the flanges. Splices in these 
elements should be used only when absolutely necessary. 
When the flange angles must be spliced, the splices should, if possible, be 
located as shown in Fig. 23 (a). This arrangement distributes the splices so that 
only one angle need be cut at any one place, and permits symmetrical details. 
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If the girder is to be shipped in parts, the splices should be staggered, but may 
be made to cover a much shorter distance than shown in Fig. 23 (a). 

The angle which is to be spliced must be replaced by splice angles or plates 
of equivalent area. Figure 23 (b) shows a splice made by placing a splice angle on 
the legs of the cut angle. This arrangement may be used where the main flange 
angles are of medium thickness, say not in excess of about 5¢ in. It is then possi- 
ble to use as a splice angle an angle of greater thickness with its legs sheared down 
to fit inside the main angles. When this arrangement calls for material the thick- 
ness of which is greater than the rivet diameter, it will be best to make use of the 
detail shown in Fig. 23 (c). In this case the splice material is provided by a splice 
angle on the cut member and a splice plate on the vertical leg of the uncut angle. 
In any case, the net area of splicing material must be equal to the net area of the 
angle to be spliced. 

The number of rivets required in a splice of this nature depends upon the 
arrangement of theparts. For thesplice shown in Fig. 23 (b) the rivets are in single 
shear. Since the presence of the splice does not alter the loading conditions on 
the rivets, extra rivets are not required, and the rivets which transfer the flange 
stress to the web plate may also be used as splice rivets. When a splice of the 
form shown in Fig. 23 (c) is used, the stresses in the splice angle and splice plate are 
in proportion to their relative areas. The rivets required may be determined 
independently for the plate and angle, using the single shear value of a rivet. 
Since the splice plate is not in direct contact with the angle to be spliced, extra 
rivets must be supplied subject to Art. [80] of the Specifications. For the condi- 
tions shown in Fig. 23 (c) the web plate and flange angle lie between the angle to 
be spliced and the splice plate. Hence four extra rivets are required for the 
arrangement of rivets shown in Fig. 23 (c). 

A splice in an outside cover plate, as at a Fig. 24, may be made by means of 
a splice plate of the same area as the plate to be spliced. This plate may be 
placed on the outside of the cut plate and connected to the flange by rivets in 
single shear sufficient in number to develop the full strength of the cut plate. 
When an inside plate is to be spliced, as at b Fig. 24, the splice should, if possible, 
be located at the theoretical cut-off point of one of the outside cover plates, as at 
c, Fig. 24. This cover plate can then be extended across the splice to form the 
splice plate. Plate c should be extended beyond the splice far enough to develop 
the full strength of the plate to be spliced. These rivets are in single shear. 
When the splice plate or extended cover ‘necreteal Gk i hoe 
plate are not in direct contact with the pp, . [ ®plae c 
plate to be spliced, additional rivets must epee —————— 
be supplied subject to the requirements of 
Art. [80] of the Specifications. 

6j. End Bearings.—The end — = 
bearings for a plate girder span must be Tic, 24. 
designed to transfer the maximum end 
reactions to the piers or abutments without exceeding the allowable bearing 
pressures on the masonry. At the same time, these bearings must permit 
longitudinal movement due to stress and temperature changes. ; 

Figure 25 shows typical end bearings for plate girder spans. The design 
shown in Fig. 25 (a) may be used forshort spans, say up to about 40ft. For longer 


322 STEEL AND TIMBER STRUCTURES [Sec. 3-67 


spans, this design is not of sufficient rigidity for the heavy loads encountered. 
Also, the length of bearing is such that the deflection of the girder tends to con- 
centrate the reaction at the inner edge of the bearing, causing excessive pressures 
onthe masonry. The design shown in Fig. 25 (b) is more rigid due to the presence 


ee 


(@) 


of the deep cast base. Also, the bearing between the girder and the cast base is 
relatively narrow, which avoids the excessive bearing pressures mentioned above. 

Bearings of the type shown in Figs. 25 (a) and (0) are generally arranged with the 
sole plate free to slide on the masonry plate or cast base, which is rigidly fastened 
to the masonry. The bolts connecting the girder to the base are placed in slotted 
holes which will permit the necessary movement due to temperature or stress 


I Beams 


Fie. 26. Fie. 27. 


changes in the length of the girder. At the other end of the girder, all parts are 
rigidly connected. The length of the slotted holes must be such as to permit an 
expansion of 1 in. per 100 ft. in length of girder (Art. [88], Specific&tions). 
Sliding bearings of this type may be used in spans up to 70 ft. in length (Art. [89], 
Specifications). 

For spans over 70 ft. long, the type of end bearing shown in Fig. 25 (c) is 
generally used. The connection between the girder and the roller bearing is 
made by means of a pin. This pin takes up any rotation which may be due to 
the deflection of the girder and secures uniform bearing pressures between the 
rollers and the upper and lower bearing plates. The design of rollers is governed 
by Arts. [38, 91, and 92], {301} of the Specifications. 


For the 60-ft. girder under consideration, the end reaction is equal to the end shear of 
292,000 lb. as given in Table 2, p. 299. From Art. [38] of the Specifications, the allowable 
bearing pressure on concrete masonry is 600 lb. per sq. in. Hence the area of base required 
292,000 . ; < : 

600 = 487 sq. in. A base 20 X 265 in. will provide the necessary area. The top of 
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the base should be made wide enough to include the end stiffener angles of the girder. 
Figure 22 shows the general dimensions of the adopted base, which may be designed by the 
methods given for Cast Bases in the volume on “Structural Members and Connections.” 


7. Through Plate Girder Bridges.—Through plate girder bridges are used 
when the clearance between high water and the under side of the bridge is not 
sufficient to permit the use of a relatively deep deck structure. Also in track 
elevation bridges in cities the use of through girders with shallow floors secures 
_ the necessary clearance under bridges at street crossings with a minimum amount 
of grading and elevation of tracks. 

7a. Floors for Through Girder Bridges.—An open floor system con- 
sisting of floor beams and stringers with wooden ties is often used. This floor is 
similar to the one used in truss bridge spans. When a very shallow floor is. 
desired, the track is supported on transverse closely spaced I-beams, as shown in 
Fig. 26. A trough floor construction of the type shown in Fig. 27 is also used. 
Shallow floors consisting of transverse beams are to be designed for the loadings 
given in Art. [25], {204} of the 
Specifications. Methods of design 
are governed by Art. [104] of the 
Specifications. Figure 28 shows 
types of shallow ballasted floors. 
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7b. Design of a Through Plate Girder Span.—As an example of 
through plate girder design, complete calculations will be given for the design of 
a 70-ft. single track span. An open floor consisting of stringers and floor beams 
with wooden ties will be used. The design will be governed by the A. R. E. A. 
Specifications for Cooper’s E-60 loading. As shown in Fig. 29, the distance center 
to center of beams will be taken as 69 ft. The floor system will be arranged with 
five 14-ft. panels, as shown in Fig. 29. The stringers will be spaced 6 ft. 6 in. 
centers as recommended in Art. [98] of the Specifications. 

It will be found that an odd number of panels is advantageous, for with this 
arrangement the maximum moment occurs at a point one-half a panel length from 
the girder center. If an even number of panels is used, the maximum moment 
occurs at the girder center. The maximum moment for the odd number of panels 
adopted will be somewhat smaller than for an even number of panels. 

Maximum Moments and Shears.—The estimated dead weight of the girder will be deter- 
mined from eq. (4), p. 290. With/ = 69 ft. and k = 1.10, w = 1.10[(14)(69) + 450] = 
1,554 lb. per ft. of girder. Since the spacing of stringers is the same as the spacing of girders 
for the deck plate girder designed in the preceding pages, the design of the ties is the same 
as given on p. 295, and the weight of the wooden floor and track is 486 lb. per ft. of bridge, 
as given on p. 299. The total weight of the girder is then 1,554 + 486 = 2,040 Ib. per ft. 
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A load of 2,000 Ib. per ft. of bridge or 1,000 lb. per ft. per girder will be used in determining 
dead load moments and shears. Tables 4 and 5 give the resulting dead load moments and 
shears, which were calculated for panel loads of 14,000 lb. at the several joints. 
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The live load moments and shears for E-60 loading are also given in Tables 4 and 5. 
These values were calculated by the methods given in the volume on ‘Stresses in Framed 
Structures.’’ The impact allowance is determined by the formula of Art. [28], {206} of the 


Specifications. Moment and shear curves plotted from the values given in Tables 4 and 
5 are shown in Fig. 30. 


TaBLE 4.—Maximum Moments 


Point a b c 
DSR ORC OsOMIONGL h. ag sinus ome mamene Ss 0 378 ,000 574,000 
IHGENOAG MOMLODE, cas ooh epee cscs cee 0 1,600 ,000 2,390,000 
inpeewmomenter sc .tv Fick sekot en aes 0 1,382 ,000 2,065 ,000 
PNOUBISIROMONIE, LUALD ns ste eos ctee CR 0 3,360,000 | 5,029,000 
MOtALIMOMEMe iesL. pe cele h eee ee 0 40,300, 000 | 60, 350,000 


Taste 5.—Maximum SHEARS 


Panel End reaction ab be cd 
Dead load shear............. 35,000 28 ,000 14,000 0 
Live load shear.si. os... eeeees 165,800 117 ,000 71,800 34,900 
Imipact sliears wd... vceckeen wes 143 , 000 103 , 000 66 . 300 33 , 400 
Ova eaT wet. 4). oo) lees 348 , 800 248 , 000 152,100 68 , 300 
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Design of Girders.—Design methods for the main girders are the same as given in Art. 
6b, p. 295. Since the shear in the end panel is 248,000 lb., a 68- X 3¢-in. web plate will 
provide sufficient shear area. To satisfy economical weight conditions, a 10914- Xx 14 g-in. 
plate is required. As a compromise, an 84- X 74 ¢-in. plate will be used and the flange 
angles will be placed 8414 in. back to back. 

Figure 31 shows the adopted flange section. The gross area of this section, including 
one-sixth web area, is 53.60 sq. in. and the net area, including one-eighth web area, is 44.73 
sq.in. As shown in Fig. 31, the center of gravity of the section is located outside the backs 


| Plate 1476" 


of the angles. Hence the effective depth must be taken as the distance back to back of flange 
angle (Art. [11], {104} of the Specifications). The total net flange area required is then 


60,350,000 é 
784.5) (16,000) = 44.60 sq.in. For the assumed section, the fiber stress on the compression 


A . 60,350,000 F 
ange iS (94 5) (53.60) = 13,320 lb. per sq. in. Since the top flange is supported at each 


panel, or at intervals of 14 ft., and since the cover plates are 14 in. wide, the allowable com- 
pression (Art. [48], {301} of the Specifications) is 16,000 — (150) iia = 14,200 lb. per 
sq.in. Using the same methods as given on p. 303, it was found that the horizontal shear in 
the angle legs is 1,650 lb. per sq. in. for the compression flange and 1,520 lb. per sq. in. for 
the tension flange. From Art. [38], {301} of the Specifications the allowable shear is 4,000 
lb. persq.in. Thesection shown in Fig. 31 answersall conditions and will be adopted as final. 
Other details of the design of the main girders are shown on the general drawing of Fig. 
32. The cut-off points for cover plates were determined by the method used in Art. 6c for 
the deck girder. Figure 30 shows the moment of resistance curves and the theoretical cut-off 
points for the several plates. As shown on Fig. 32 the top plate is run full length of the 
girder and is brought down over the end stiffeners. The end of the girder is curved to add 
neatness to the appearance of the bridge. Figure 30 also shows the calculated rivet pitch 
in the girder flanges. Since no vertical loads are carried by the flange angles, the rivet pitch 
may be determined from eq. (5) p. 307. It will be found that the tension flange rivet 
pitch is smaller than the compression flange pitch. The former values therefore govern. 
The design methods used for determination of stiffener spacing, the web splice, and the 
lateral bracing are the same as used for the deck span. All details are as shown on Fig. 32. 
The design of the end stiffeners requires special consideration. It will be assumed that 
the shear in the end panel is taken by the inside set of end stiffeners. From Table 5, p. 324, 
the shear in the end panel is 248,000 lb. Hence the bearing area required is ar = 10.3 
sq. in. Since only the outstanding legs of the stiffener angles may be counted in bearing 
(Art. [124], Specifications) four 5- K 3144- & 4-in. angles will be used, arranged as shown in 
Fig. 32. The bearing area provided is then 10 sq. in. As shown in Fig. 32, the end floor 
beam is attached to the outside pair of end stiffeners, which consist of two 6- X 4- X 34-in. 
angles. These angles were made the same thickness as the main flange angles in order to 
sintplify the splice at the curve in the girder flange. The bearing area provided on the lower 
flange angles by the 6-in. legs of these stiffener angles is (2)(514)(34) = 7.87sq.in. From 
p. 328, the end reaction for an end floor beam is 119,200 lb. Hence the bearing area 
required at the foot of the supporting end stiffener angles is aa = 4.97 sq.in. The 
angles provided furnish excess area, but as shown in Fig. 32, the floor beam connection is 
eccentric. Excess area is therefore desirable and the detail shown will be adopted. 
Design of the Floor System.—The stringers are to be designed as simple beams 14 ft. 
long subjected to their own weight, the weight of the bridge floor, and to the live load of 
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Art. [20], {203} of the Specifications. From p. 323 the bridge floor weighs 486 lb. per 
ft. of bridge and from eq. (3), p. 290, the stringers weigh 1.10 ((12144) (14) + 100] = 303 
lb. per ft. of bridge. The dead load to be carried is then 144(486 + 303) = 395 lb. per ft. 
per stringer. Hence the dead load center moment is (34) (395) (14)? = 9,680 ft.-lb. and the 
end shear is (7) (395) = 2,765lb. The maximum live load moment is found to occur under 
the special loading of Fig. 3 (Art. [20], Specifications) and the resulting absolute maximum 
moment is 177,000 ft.-lb. The maximum end live load shear occurs under the loading 
of Fig. 2 of the Specifications, and the value of the end shear is 57,800 lb. For moment 
and shear, the impact coefficient given by the formula of Art. [28], {206} of the Specifica- 
tions (L = 14 ft.) is 99.4 per cent. The total moments and shears are found to be 4,360,000 
in.-lb. and 118,200 lb. respectively. 

The depth of stringer for short panels is generally taken as about one-seventh of the span. 
For the case under consideration the web plate will be made 24 in. deep and the flange angles 
will be placed 2414 in. back to back, as allowed under Art. [238] of the Specifications. 
Since the end shear is 118,200 lb., the web area required is 11.82 sq. in. (Art. [38], {301}, 
Specifications). A 24- X 14-in. web plate supplies 12.0 sq. in. 

A flange section consisting of two 6- X 6- X %g.-in. angles will be assumed. Effective 
depth = 24.25 — (2)(1.71) = 20.83 in. The assumed angles furnish a net =5 (one ne 
hole from each angle) of (2)(6.43 — 0.56) = 11.74sq.in. Arearequired = omen GO boo 
13.08 sq. in. Assuming one-eighth of the web area as- available flange area, the area 
required in angles is 13.08 — (14)(24)(1¢) = 11.58 sq. in. The assumed angles provide 
the required area and they will be adopted. Since the unsupported web plate between 
flange angles is 1244 in. wide, no web stiffeners are required (Art. [126], {433}, 
Specifications). 

The rivet pitch in the flange angles may be determined from eq. (6) p. 308. In this 
equation, the vertical load on the top flange is 


60,000 SOG oi by . 
= 36 + @ a2) = 1,687 lb. per in. 


At the end of the stringer, where the shear is 118,200 lb., the rivet spacing is found to be 


10,500 


ea | Cones seer oa) ey 


To determine the rivet spacing at the quarter point and center of the stringer, approximate 
values of the shears at these points may be taken as equal to five-eighths and two-sevenths 
of the total end shear. The resulting rivet spacings are found to be 3.06 in. and 5.0 in. 
respectively. The adopted rivet spacing is shown on Fig. 32. 

The design of the end connection angles for the stringer is governed by Art. [101], {425} 
of the Specifications. Figure 33 shows the adopted detail. As given above, the end shear 


on a stringer is 118,200 lb. The rivets connecting the connection angles to the stringer are 


118,200 , 
in double shear, and the number required is 74.400 = 9 rivets. The end reaction must be 


fel Aa ae to the web plate by rivets which are in bearing on the }4-in. web plate, which 
requires i. rea = 12 rivets. Figure 33 shows 8 rivets in double shear in the end connec- 
tion angles between flange angles and 4 other rivets which also pass through the flange 
angles. These rivets are counted as flange rivets, but it is probable that they may be called 
upon to furnish the additional rivets required in double shear. By extending the 9 ¢-in. 
filler as shown in Fig. 33, 4 rivets in bearing on the web plate are provided, which in addi- 
tion to the 8 rivets in the connection angles provide the required 12 rivets in bearing on the 
web plate. 

In designing the connection between the stringer and the floor beam, two conditions 
must be considered. The connecting rivets must develop in single shear the stringer reac- 
tion, and, the connecting rivets in bearing on the floor beam web plate must develop the 


floor beam reaction for adjacent stringers. As stated above, the end shear is 118,200 lb. 


Pa ie . 118,200 ‘ ‘ae 
Hence the number required in single shear is 7.290. = 16.4. Since this is a field connec- 


= 2.04 in. 
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Fie. 32.— General drawing, 70-ft. through 
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tion, as shown in Fig. 32, the number of rivets required must be increased by 3314 per cent 
(Art. [38], {301}, Specifications). A total of (16.4) (4g) = 22 must be provided. The floor 
beam reaction as determined later and shown in Fig. 34 is 155,000 lb. Rivets in bear- 
ing on the }4-in. web plate of the floor beam (see Fig. 32) have a value of 10,500 lb. Allow- 
ing for the fact that a field connection is to be made, the number of rivets required is 


155,000) (4 : 
C155, OOPY A o6) = 20. Hence the first condition mentioned above determines the number 
of rivets required. Figure 32 shows 22 rivets in place. 
——— ser = uw Anger 
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> iil ee Oe 
: He 6'<6*3 Connechon 
Crip dacons Angles 


Fie. 33. 


The floor beam details are as shown in Fig. 32. In order to provide proper clearance for 
the rolling stock (Fig. 1, Art. [13], Specifications) the main girders are spaced 17 ft. center to 
center, as shown in Fig. 32. Figure 34 shows the load applied to one of the intermediate 
floor beams. These loads are made up as follows: Floor beam live load for 14-ft. panels 
= 78,200 lb.; impact (L = 28 ft.) = 71,300 lb.; and dead load reactions for two stringers 
which frame into floor beam = (2)(7)(395) = 5,500 lb. From Fig. 34, the maximum 
moment due to the floor beam loads is (155,000) (5.25) (12) = 9,760,000 in.-lb. and the end 
shear is 155,000 lb. Assuming the floor beam to weigh 2,500 lb., the dead load center 
moment is found to be 63.800 in.-lb. and the end shear is 1,250lb. The total moments and 
shears are then 9,824,000 in.-lb. and 156,300 lb. respectively. 

As shown in Fig. 32, a 38- X 14-in. web plate is used with the flange angles placed 3814 
in. back to back. Assuming a flange section consisting of two 6- X 6- X 34-in. angles, it 


15500016 155,000/b, 8200/6. 18, 200/4 


a ra ete! is; 
383" Web Prai 
[ 6° 6's F Anges | | 6 "+4 '" B "Angles | 


—B@bnas py hes: 
17°0" c.40¢, girdars 
Fia. 34. Fie. 35. 


was found that the area required is 17.70 sq. in. The assumed angles (one rivet hole from 
each angle) plus one-eighth the web area provide a net area of 17.76 sq.in. The assumed 
web plate provides 19 sq. in. of area while 15.63 sq. in. is required. Since the assumed 
section provides the necessary area it will be adopted. 

The floor beam is connected to the web of the main girder by field rivets in single shear, 
(66,300) (*) = 29. The end connec- 

(7,220) \3 3 

tion angles for the floor beams consist of 6- X 6- X }4-in. angles. To connect these angles 


to the floor beam, en = 11 rivets in double shear and SAS AONn 15 rivets in bearing 


10,500 

on the web plate are required. Therivet spacing in the flange angles of the floor beam may 
be determined from eq. (5), p. 307. Note that the rivet spacing between the girder and the 
stringer is constant. Between the stringers, where the shear is small, the maximum allow- 
able spacing has been used. 


as shown in Fig. 32. Required number of rivets = 


328 STEEL AND TIMBER STRUCTURES [Sec. 3-8 


Figure 32 shows the details of the end floor beam and Fig. 35 shows the loads to 
be carried. These loads are determined from the live load end shear plus impact and the 
dead load reaction for one stringer. From the calculations given on p. 327, these loads are 
118,200 lb. each. Assuming the end floor beam to weigh 2,000 Ib. the total maxi- 
mum moment is found to be 7,490,000 in.-lb. and the end shear is 119,200 lb. It will be 
found that the section shown in Fig. 32 provides ample area for moment and shear. 

To connect the end floor beam to the main girder, two 4- X 4- X 54-in. connection angles 


are riveted to the outer pair of end stiffener angles. The floor beam is connected to these 
‘ eo 119,21 4 ; . t 
angles by field rivets in single shear, and ( Pe) (¢) = 22rivetsarerequired. Therivets 
connecting the end connection angles to the main girder are shop rivets in double shear, and 
119,200 


i400 Qrivets are required. Figure 32 shows all details of the end floor beams. 
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To conform to the requirements of Art. [129], {434} of the Specifications, 3¢-in. gusset 
plates are riveted to the top flanges of intermediate and end floor beams and to the 
stiffener angles. As shown in Fig. 32, 5- X 344- X 14-in. angles are used to connect the 
gusset plates to the floor beam, and a pair of angles is riveted to the edge of the plate. 

8. Riveted Truss Bridges. 

8a. General Considerations.— Design methods for riveted truss rail- 
way bridges will be illustrated in the following articles by the complete design of 
a six-panel through bridge of the general dimensions and form shown in Fig. 
36. Cooper’s E-60 loading will be assumed and the design will be governed by 
the A.R.E.A. Specifications. An open floor consisting of wooden ties on stringers 
and floor beams will be used. 
8b. Stresses in Truss Members.—Stresses due to dead load are determined for 
a dead load as given by eq. (5), p. 290. With! = 160ft., we havew = 9%[(8)(160) + 700] 
= 2,230 lb. per ft. of bridge. Assuming one-third of this load as applied at the top chord 
joints and two-thirds at the lower chord joints, the panel loads for each truss are as follows: 
Top chord joints, (14)(44) (2,230) (2624) = 10,000 lb.; lower chord joints (14) (34) (2,230) 
(2624) = 20,000 lb. 
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The stringers will be placed 614-ft. centers (Art. [98], Specifications). Since the load- 
ings and stringer spacing are the same as used in the plate girder designs, the design of the 
cross ties is the same as given on p. 295 and the wooden floor and track will weigh 486 lb. 
per ft. of bridge (p. 299). Hence the panel load per truss due to the weight of floor is 
(4) (486) (2624) = 6,5001b. This panel load may be assumed as transferred to the lower 
chord joints. The total panel loads are then 26,500 lb. at each lower chord joint and 
10,000 lb. at each upper chord joint. Dead load stresses in the members of truss shown in 
Fig. 36 are given in Table 6. These stresses are determined by the methods given in the 


volume on ‘‘Stresses in Framed Structures.’’ 
Stresses due to E-60 live load and impact are also given in Table 6. 
determined from the formula given in Art. [28], {206} of the Specifications. 


TasLe 6.—SrrREssEs IN MremBers 
moo ea ee i ee 


Impact values are 


Mostar Dead load Live load Impact Maximum 
stress stress stress 
BCD —134,000 —362,000 —195,000 —691,000 
abc + 83,900 +235 ,000 +127 ,000 +445 ,900 
cd +151 ,200 +412 ,000 +222 ,500 +785, 700 
aB —124,000 —348 , 000 —188,000 —660, 000 
Be + 74,500 +232 ,000 +152,800 +459 , 300 
— 136,000 —105,200 — 266 , 000 
eD — 24,800 + 63,000 + 56,100 + 94,300 
ed + 26,500 +119,000 +108 ,800 +254 ,300 
Ce — 10,000 0 0 — 10,000 
+ = tension. — = compression. 


Stresses in the lateral bracing, which will be arranged as shown in Fig. 36, are to be deter- 


mined for the loadings given in Arts. [32 and 33], {209} of the Specifications. 


From the 


general drawing of Fig. 44, the exposed area of the top chord members and the upper 
halves of all web members is found to be about 4 sq. ft. per ft. of truss. Hence the top 
lateral stresses are to be determined for a load of (4)(114)(50) = 300 lb. per ft. (Art. [33], 
Specifications). It will also be found that the exposed area of the lower chord members 
and the floor system is about 8 sq. ft. per ft. of truss. Hence the bottom lateral stresses 
are to be determined for a load of (8) (114) (30) + 700 = 1,060 lb. per ft. In general, these 
loadings can not be determined until the main trusses have been designed. At this stage 
in the calculations it will therefore generally be necessary to use an assumed value of the 
exposed area. The assumed values may be checked later and revisions made if necessary. 
Methods for the determination of the stresses in the members of the lateral system are 
given in the volume on “‘Stresses in Framed Structures.” 

The top chord lateral truss panel load is (300) (2624) = 8,0001b. Since the diagonals of 
the top lateral system are long members, it will be assumed that they take tension only, for 
if these long members are to be designed to take compression, very large areas must be pro- 
vided to make efficient columns. As shown in Fig. 36 (c) two diagonals are provided in 
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each panel, but only one of these is assumed as in action at any time. The other member 
acts as a counter, coming into action when the direction of lateral force is reversed. In 
Fig. 36 (c) the calculated stresses for top lateral members are shown. Stresses in the chord 
members are found to be within the allowable limits given in Art. [46] of the Specifications. 

The lower chord lateral truss panel load is (1,060)(2624) = 28,300 lb. Since the 
diagonal members of the lower lateral system may be supported at the stringers, the unsup- 
ported length of these members is relatively small and they may be designed as compression 
members. It will therefore be assumed that both diagonals in any panel are in action at 
the same time, one in tension and the other in compression. The resulting stresses in the 
diagonal members are shown in Fig. 36 (6). 

Stresses in the chord members of the lower lateral system may become so large that they 
are subject to the requirements of Art. [46] of the Specifications. Additional area must 
then be placed in the lower chord main truss members to comply with this provision of the 
Specifications. As stated in the volume on “‘Stresses in Framed Structures,”’ the stresses in 
the lower chord truss members due to lateral loads are as follows: (a) stresses due to lateral 
truss effect; (b) stresses due to overturning effect; and (c) stresses due to portal effect. 
These stresses have been calculated and are tabulated in Table 7. 


Taste 7.—Stresses IN Lower CHorp Memspers Dve To LateraL LOADING 


Member > ab be cd 


wera aris Gitano... cc.ces ck vos cae eee 52,500 136 , 200 178,200 
Overtuming eect! coro gcns <a Poe smn Gos 31,000 31,000 56 , 000 
Orie Olecbls ts, hem viens etait sree Male con omnes at 10,700 10,700 10,700 

MGtAlTaLeral Suresd wees waeaeins Siaos 6 Mare 94 , 200 177,900 244 ,900 
Stress due to vertical loading............... 445,900 445 ,900 785,700 


- 121.2 per cent! 40.0 per cent/31.2 per cent 


Stresses due to lateral truss effect given in Table 7 are calculated for panel loads of 
28,300 lb. acting at the joints of the lateral truss system shown in Fig. 36 (6). It is assumed 
that both diagonals are in action at the same time. Stresses due to overturning effect are 
calculated for a horizontal load of 700 Ib. per ft. acting on the side of the live load, as shown 
in Fig. 36 (e) (Art. [32], Specifications). From the general drawing of Fig. 44, the base of 
rail is about 5 ft. above the plane of the lower chord center line. Hence the position of the 
horizontal force is 13 ft. above the plane of the lower chord, as shown in Fig. 36 (e). The 
horizontal panel load is (700) (2624) = 18,700 lb., and the effect on the main truss is equiva- 
lent to panel loads of (18,700) (134g) = 18,500 1b., acting downward on the leeward truss 
and upward on the windward truss. Since the conditions are similar to those for dead 


13.5 
load, the resulting stresses in the chord members are readily seen to be (5-2) times those 


given in Table 6, p. 329. The calculated values are given in Table 7. 

The stress given in Table 7 for portal effect is due to the reaction at joint B, Fig. 36 (c) 
from lateral loads on the top lateral system. Since the portal stress is to be combined with 
other lateral stresses which are caused by a wind pressure of 30 lb. per sq. ft., the reaction 
at B must also be determined for this loading. As stated above, the exposed top chord 
area is 4 sq. ft. per ft. of truss. Hence the lateral load per ft. is (144) (4)(30) = 180 lb.; 
each panel load is (180) (262%) = 4,800 lb.; and the reaction at B due to panel loads at all 
top chord points is (54)(4,800) = 12,000 lb. From the general drawing of Fig. 44, the 
dimensions of the portal are as shown in Fig. 36 (d). Assuming the portal as fixed at the 


9 é 
base, the direct stress in the posts due to a 12,000 lb. load at B is (12,000) (7) = 15,800 
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lb. Therefore, the portal stress = 15,800 sin @ (9 = angle between end post and vertical) 


26 
= (15,800) (33) = 10,700 lb. 


Table 7 gives the total stresses in the several members due to lateral loads. The table 
also contains the stresses in these members due to loads on the vertical trusses, as given in 
Table 6. On comparing these values given in Table 7, it will be found that for members 
bc and cd, the lateral load stresses exceed 25 per cent of those due to vertical loading. 
Hence from Art. [46] of the Specifications, these chord members must be designed for the 
total stress due to dead, live, impact and lateral loadings, using a working stress of 20,000 
lb. per sq. in. It will be found that these are the only members of the truss which are 
affected by the provisions of Art. [46] of the Specifications. 

8c. Design of Members, 

Form of Members.—Compression members forming the top chord and end posts of 
riveted truss bridges are generally made of the form shown in Fig. 37. The minimum thick- 
ness of metal which may be used in the cover and web plates is subject to the requirements 


of Art. [65], {405} of the Specifications. These requirements have been shown in Fig. 37. 
In making up a chord section, the depth of web plates may be decided upon first. The 
depth of these plates may be made about one-fifteenth of the length of the panel for top 
chord members. It will generally be found that the distance between side plates should be 
from 34 to 7 of the depth of web plates, as shown in Fig. 37. The adopted distance will 
depend somewhat upon the space required for proper attachment of web members to the 
chords. End post members are generally made of the same depth and width as the top 
chord members. 

In general the cover plates should be made as thin as possible and material should pref- 
erably be concentrated in the webs and angles. No statement is made regarding the thick- 
ness of angles. Since these angles connect the cover plate to the webs, they should not be 
thinner than the cover plate. 

When the area to be provided by a chord section of the form shown in Fig. 37 requires 
plates thicker than about 34 in., additional material may be provided by double angles 
placed on the web, as shown in Fig. 38 (a), or by double web plates, as shown in Fig. 38 (). 
For very large chord sections, multiple web plates may be used, as shown in lig. 38 (c). 
In all of these sections the several segments of the member should be connected by lacing 
placed across the open side of the section. 

Compression diagonals may be made from rolled channels, as shown in Fig. 38 (d), 
for sections where the area required is small. For larger areas, built-up sections may be 
used of the form shown in Fig. 38 (e). In some cases the channels or angles are placed with 
the points inward instead of as shown. 

Bottom chord tension members for riveted trusses may be made from rolled or built 
channels, as shown in Fig. 39 (a) and (b). A section composed of four angles and a plate, 
as shown in Fig. 39 (c) may also be used. Additional area may be provided by means of 
plates placed on these angles as shown in Fig. 39 (d). The forms shown in Fig. 39 may also 
be used for diagonal web members subjected to tension. 
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Design of Compression Members.—Working stresses for compression members are 
l 
determined by the column formula (Art. [38], {301}, Specifications) 15,000 — 507, where 


1 = length of member and r = its least radius of gyration. However, the working stress 


l 
must not exceed 12,500 lb. per sq. in., and - for main truss members must not be greater 


than 100 (Art. [49], Specifications). Table 8 gives complete data for the design of com- 
pression members. The maximum stresses were taken from Table 6. 


TaBLE 8.—DEsIGN oF ComprREessION MrEmBers 


Radius cee 


Maxi- | Length of Unit Area 
Mem- l F pro- 
mum I gyra- | — stress required : 
ber : 2 r rer 5 vided 
stress (in.) tion r (Ib.-in.*) | (sq. in.) 5 
(sq. in.) 


(in.) 


1 Cov. Pl. 24 X %¢@ in. 
aB 660,000) 473 7.70 |61.5,; 11,930 55.20 4ls 3146 X 3% X Me in. 55.48 


2 Web Pls. 20 X1}¥¢ in. 


1 Cov. Pl. 24 K %g@ in. 


BCD 691,000, 320 7.70 |41.6| 12,500 55.30 4ls 3146 X 3% X %e@ in. 55.48 
2 Web Pls. 20 X 1}4¢ in. 


— 266, 000 
De + 94,300) 473 5.23 |90.3| 10,480 29.90 | 2B 15in. at 50 Ib. 29.28 
(313,200) 


As an example of compression member design, the calculations for member BCD will be 
given in detail. From Table 8 the stress in the member is 691,000 lb. and the lengths of 
BC and CD are each 320 in. In making up a trial section, the working stress will be taken 


Fia. 39. Fic. 40. 


as the maximum allowable, which is 12,500 lb. per sq. in. Hence the area required is 
; 691,000 2 

approximately 72,500 = 55.30 sq. in. If the depth of the member be taken as 1/5 of the 

panel length, the web plates will be 32975, or about 20 in. deep. The distance between 

side plates will be made about 0.8 their depth or about 16in. Figure 40 shows the arrange- 

ment adopted. The thickness of the cover plate corresponds to the requirements shown 

in Fig. 37. Table 9 gives the area of the section as assumed. 
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TasBLE 9.-—Proprerties or Tor Cuorp Srcrion 


Part Area x Ax Ax? ee I 
Cover plate........ 13.50 10.53 +142.1 1,500 | 0 1,500 
Top angles........ 7.24 a ig + 66.3 607 8 615 
Web plate......... 27.50 CPR | Neeser s eke «ee 917 917 
Bottom angles..... 7.24 OG — 66.3 607 8 615 
PPOERISE Tete te HOLS tee we: a lvese oe | 3,647 


The true working stress for the assumed member depends upon its radius of gyration, 


which may be determined from the formula r = VE where J = moment of inertia of the 


section about its gravity axis and A = area of section. In determining the moment of 
inertia of the section, consider first an axis A-A, Fig. 40, passing through the center of the 
web plates. Table 9 gives the necessary information for the determination of moment 
of inertia. The term Az in Table 9 is the statical moment of any area about axis A-A. 
LAzx 142.1 
Hence the gravity axis is located at a distance 34 =5ea8 = 2.56 in. above axis A-A. 
Values of J given in Table 9 represent the moment of inertia of the several areas about 
axis A-A. The moment of inertia about the gravity axis may be found from the formula 
I =I14 — Az? where I4 = moment of inertia about axis A-A; A = area of section, and 
gz = distance from axis A-A to gravity axis. Hence I = 3,647 — (55.48) (2.56)2 = 


3,287 in.4 Therefore 
iT. By 3,287 
SiN seas = 7-70in. 


From the column formula of Art. [38], {301} of the Specifications, working stress = 15,000 


320 
— (50) (=) = 12,9201b. persq.in. But this is greater than the maximum allowable of 


12,500 lb. per sq. in. Since this latter value was used in the preliminary calculations given 
above, the trial section is satisfactory. Before adopting this section, it is best to calecu- 
late the moment of inertia for axis B-B, Fig. 40, in order to make certain that the radius of 
gyration for axis B-B is not smaller than the 7 used in the above calculations. By the same 
methods as used above, we find Ig = 3,624 in.‘ It is therefore evident that the least 
radius of gyration has been used in the above calculations. Table 8 shows that the same 
section may also be used for the end post aB. 

As shown in Table 8, the stress in diagonal De changes from compression to tension dur- 
ing the passage of the live load. The design of this member is therefore subject to the con- 
ditions stated in Art. [44] of the Specifications. Hence the member is to be designed for a 
compression of 266,000 + 14(94,300) = 313,200 lb., and a tension of 94,300 + 14 (94,300) = 
141,500 1b. It will be found that the required area is determined by the compression. The 
adopted section given in Table 8 provides an area which is but slightly less than the area 
required. 

Member Ce is a compression member supporting the top chord. The stress in this 
member is small and the dimensions of the member will in general be made such as to pro- 
vide an efficient connection between the member and the floor beam and sway bracing. 
Figure 44 shows the adopted section. 

As shown in Fig. 44, the top chord members are placed with the center Of the webplates 
2%¢ in. below the center lines of truss outline. In this way the stress in the chord member 
acts at the center of gravity of the section, which is shown in Fig. 40 at a distance 2.56 in. 
(practically 2% in.) above the center line of web plate. Uniform distribution of stress 
over the cross-section is thus assured. 
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Design of Tension Members.—Table 10 gives complete data for the design of tension 
members. In designing the lower chord members, an attempt was made to use web plates 
of the same depth as the top chord web plates. However, it was found that the use of 
21-in. web plates more nearly fulfilled the area requirements. In determining net areas 
for bottom chord members, four rivet holes were deducted from each web plate and one 
from each angle. Figure 44 shows the position of these rivet holes. For the verticals Bb 
and Dd and the diagonal Bc it was assumed that the rivets in the outstanding legs of the 
angles staggered with those in the legs fastened to the plates, the distance between these 
rivets being assumed as 2in. Then from the formula of Art. [77], {409} of the Specifica- 
tions, the portion of the area of the holes in the outstanding legs which must be counted 


1 
in obtaining net area of the angles is aa = _) = A\t -3) =9- Therefore 144 


rivet holes are to be taken from each angle and two from the plate. 


TasLe 10.—DeEsiIGN or TENSION MEMBERS 


Maximum stress Area required Area provided 
Case B 
Mem- Cometh vertical | Case A | Case B ‘osciebesie 
ber cartieal and at at Gross | Net 
3 lateral 16,000 | 20,000 

loading, : 
loading, | lb. per | lb. per 

Table 6 : : 
Tables 6 | sq. in. | sq. in. 


and 7 


| | |2 WebPls. 21 X %@ | 23.63) 19.13 
abe | 445,900, 623,800 27.75 | 31.19 | 4s 3146 X 31% X %@| 14.48] 12.24 


| | 4 WebPls. 21 X % | 47.26 38.26 
ed | 785,7001,030,600, 49.10 | 51.53 | 4ls 314 X 314 X 5¢ | 15.92 13.40 


63.18) 51.66 
1 Plate 13 X %& 7.31) 6.19 
Ro Ap A08 OO0l oso tain ees BS.9044!" shes 48 6X4X1iK, 25.60! 22.84 
| | 32.91, 29.03 
Bb 1 Plate 13 X Ye 5.69 4.81 
Da") 264,300)... 007. eae 5 Padarteenne 4136 X4X % 14.44} 11.40 
| | | 20.13) 16.21 

| 


8d. Design of Floor System.—The design methods for the floor system of a 
through truss span are exactly the same as explained in Art. 7b, p. 323, for the through plate 
girder span. In the present article the discussion will be condensed as much as possible. 
For further information regarding methods of design the reader is referred to the above 
mentioned article. 
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The stringer section will be made 50)4 in. back to back of angles, which is slightly less 
than % the panel length. For E-60 loading the stringer end shear for a 2624-ft. beam is 
88,300 lb., and the impact shear (L = 2626 ft.) is 86,200 lb. Since the loading is the same 
as for the girder bridges designed in the preceding pages, the same ties and rails may be 
used. From p. 299, the wooden floor weighs 243 Ib. per ft. per stringer, and from eq. (3), 
p. 290, the stringers weigh (14) (1.1) [(12.5) (2624) + 100] = 238 Ib. per ft. per stringer. 
The total dead load is then 481 lb. per ft. and the stringer dead load end shear is (14) (481) 
(2624) = 6,400 lb. Hence the total end shear per stringer is 180,900 lb. and the web area 
required for shear is a D. = 18.09 sq.in. A50- X 74¢-in. web furnishes 21.88 sq. in. 

The maximum stringer moment due to E-60 loading is 505,200 ft.-lb. and the impact 
moment is 494,000 ft.-lb. Since the dead load per stringer is 481 lb. per ft., the dead load 
moment is 42,600 ft.-lb. Hence the total stringer moment is 1,041,800 ft.-lb., or 12,500,000 
in.-lb. 

A stringer flange section composed of two 6- X 6- X 11(¢-in. angles placed 5014 in. 
back to back will be assumed, as shown in Fig. 44. The effective depth of the stringer 
section is 50.25 — (2)(1.75) = 46.75 in., and the flange area required is (46.75) (16,000) pecans cin = 
16.72 sq. in. From the rolling mill handbooks, the net area of the assumed angles is (2) 
(7.78 — 0.69) = 14.18sq.in. Assuming }¢ the web area as flange area, the total available 
flange area is 14.18 + (14)(34g) (50) = 16.92 sq.in. The assumed stringer section will be 
adopted. - 

The rivet spacing in the flange angles is determined by the same methods as used on 
p. 326 for the through girder span. It will be found that the required spacing is as follows: 
End, 2.67 in.; quarter point, 3.48 in.; center 5.70 in. Figure 44 shows the adopted rivet 
spacing. 

Since the distance between flange angles exceeds fifty times the web thickness, web stiff- 
eners are required. The required stiffener spacing as determined from the formula of Art. 
[125], {433} of the Specifications is as follows: At the end of the stringer 41.0 in.; at the 
quarter point, 75.1 in.; at the span center, 106 in. Figure 44 shows the adopted arrange- 
ment of stiffeners. 

The stringers must be provided with lateral bracing capable of resisting a horizontal 
lateral force of 700 lb. per ft. plus a load of 30 Ib. per sq. ft. on 114 times the exposed stringer 
area. As shown in Fig. 44, the stringer is partially sheltered by the lower chord. The 
exposed area of stringer and floor is about 4 sq. ft. per ft. Hence the total lateral stringer 
load is 700 + (114) (4)(30) = 880 lb. per ft. Figure 44 shows the arrangement of lateral 
bracing adopted. It will be found that 314- x 3- & 3¢-in. angles may be used for all mem- 
bers. Article [102] of the Specifications requires the use of acrossframe. As shown in Fig. 
44, a cross frame composed of angles of the minimum allowable size has been placed at the 
center of the stringer. 

To connect the stringers to the floor beam, 5- X 314- X 14-in. angles will be used placed 


180,900 

as shown in Fig. 44. As given above the stringer end shear is 180,900 lb. Hence 74.400 
Faas 180,900 ite. 

= 13 rivets are required in the angles and 9190 = 20 rivets are required in bearing on 


the stringer web plate. Figure 44 shows the arrangement adopted. . The number of rivets 
required to connect the stringer to the floor beam will in this case be determined by the floor 
beam reaction, the rivets being field rivets in bearing on the floor beam web plate. As 
shown in Fig. 41, the floor beam reaction is 240,200. Hence the number required is 
Cee) (3) = 35, which are shown in position on Fig. 44. 

The effective span of the floor beams is to be taken as the distance center to center 
of trusses (Art. [11], Specifications). From Fig. 1, Art. [13], Specifications, the horizontal 
clear distance required is 16 ft. Since the end posts are 24 in. wide (Table 8), the distance 
center to center of trusses must be 18 ft., as shown in Fig. 44. 

The load carried by an intermediate floor beam is the floor beam reaction due to equal 
stringer panels of 262% ft. plus the dead load reactions for the two stringers framing into the 
floor beam. It will be found that the floor beam reaction for 2624-ft. panels due to E-60 
loading is 118,900 lb. The impact allowance (L = 53} ft., two panel lengths) is 108,500 
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lb., and the stringer dead load reaction is (262%)(481) = 12,800 lb. Hence the total floor 
beam reaction is 240,200 lb., which is shown in position in Fig. 41. 

For the conditions shown in Fig. 41, the maximum floor beam moment is (240,200) (5.75) 

(12) = 16,580,000 in.-lb. Assuming the weight of the floor beam to be 3,600 lb., the dead 

load moment is 1 (3,600) (18)(12) = 97,000 in.-lb. and the 

240,200).  240,200hk. dead load end shear is 1,800 1b. Hence the total floor beam 

moment is 16,680,000 in.-lb., and the floor beam end shear 
is 242,000 lb. 

The depth of the floor beam section will be made 14 in. 
greater than the stringer depth in order to allow the stringer 
to be connected to the floor beam web without interference 
with the floor beam flange angles, as shown in Fig. 44. A 
section 6414 in. deep is therefore required. 

Since the floor beam end shear is 242,000 lb., the web area 


; 242,000 ; 
provided must be 79 999 ~ 24-20 sa. in. A 64 X 74 g-in. 


c. foc, Trusses 


Fie. 41. 


web plate provides 28.0 sq. in. 

A floor beam flange section composed of two 6- X 6- X 114¢-in. angles placed 6414 in. 
back to back will be assumed. The effective depth of the beam section is 64.25 — (2) (1.75) 
BOTS OO) = 17.15 sq. in. Including 1g of the 
web as flange area, the total available flange area is (2)(7.78 — 0.69) + (1¢)(64)(Ke) = 
17.68 sq.in. The assumed section is satisfactory and it will be adopted. 

Figure 44 shows the connection between the intermediate floor beam and the vertical 
posts of the truss. To connect the 6- X 4-X 14-in. connection angles to the floor beam, 


242,000 _ eee 242,000 _ 6 ae : 
14,400 ~ 17 shop rivets in double shear and 9,190 ~ 27 shop rivets in bearing on the 


= 60.75 in. Flange area required = 


floor beam web plate arerequired. Figure 44 shows 17 rivets through the angles and a total 
of 27 rivets passing through the filler plate. To connect the floor beam to the truss, 
ee) () = 45 field rivets in single shear are required. 

The rivets connecting the floor beam flange angles to the web plate may be determined 
from the rivet spacing formulas of Art. 6d, or sufficient rivets may be placed between the 
stringer and the truss to develop the total flange stress. From eq. (5) p. 307, the required 
rivet pitch is found to be 2.88 in. This same spacing may be used from the truss to the 
stringer since the shear is practically constant for this portion of the floor beam. Between 
stringers the shear is practically zero and the rivet spacing may be made the maximum 
allowable. At the stringer the flange stress in the angles in the tension side of the beam is 
sao oe) = 220,000 lb. Hence ao = 24 rivets are required between the 
truss and the stringer. Figure 44 shows the adopted intermediate floor beam details. 


(@ (&) (eo) 
Fra. 42. 


Figure 42 shows three methods used for supporting the stringers at the end of the span. 
In Fig. 42 (a) the stringers rest onindependent shoes. In Fig. 42 (6) an end floor beam is pro- 
vided which is supported on an extension of the rollers or bed plate. The detail shown in 
Fig. 42 (c) is similar to that used for the intermediate floor beam. In the design under 
consideration a floor beam of the type shown in Fig. 42 (c) will be used in order to make it 
possible to lift the span at the ends (Art. [142], {444}, Specifications). The connection || 
between truss and floor beam in Fig. 42 (b) can not in general be made rigid enough to per- 
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mit the span to be readily lifted. In lifting the ends of a span to repair the bridge seat or 
adjust the rollers, jacks are placed under the floor beam and the end of the span raised the 
necessary amount. This can not readily be done for the detail shown in Fig. 42 (a). 

As shown in Fig. 44 (e), a bracket has been placed on the outside of the end floor beam 
in order to provide support fora tie. In calculating the loads to be carried by the end floor 
beam, it may be assumed that wheel 2 is placed 1 ft. beyond the center of the end floor 
beam, as shown in Fig. 43 (a). The floor beam load due to E-60 loading is then 93,500 lb.; 
the impact allowance, (L = 2632 ft.) is 91,200 lb.; and the dead load from the stringer is 
(14) (2624) (481) = 6,400 lb. Hence the total floor beam 
load is 191,100 lb., applied as shown in Fig. 43 (0). 

Design methods for the determination of the end 
floor beam section are the same as used above for the 
intermediate beams. Assuming the end floor beam to 
weigh 3,600 Ib., it will be found that a 64-x V¢-in. 
web plate and flanges composed of two 6-X 4- X 5¢-in. 
angles, arranged as shown in Fig. 44 (g) will answer. 

The end floor beam is connected to the gusset plate at 
the lower end of the end post, as shownin Figs. 44 (a) and 
(g). To connect the floor beam to the gusset plate, 
Ca) ¢) = 36 field rivets in single shear are re- 
quired. As shown in Fig. 44 (g), the lower corner of the 


web plate and the ends of the lower flange angles have s cal 
been cut away to avoid interference with the end post }.--- ~ (8°07 ____ 
and the shoe. To strengthen this portion of the floor (5) 

beam, the filler plates under the end connection angles Fic. 43. 


will be extended in order to provide additional web area. 
By placing cover plates over the ends of the lower flange angles, the rivets passing 
through these plates are in bearing on the total thickness of flange angles. The rivets 
provided between the end of the floor beam and the stringer will develop the flange stress 
atthe stringer. Figure 44 (g) shows complete details of the end floor beam. 

8e. Design of Riveted joints——The members of a riveted truss are connected 
at the joints by gusset plates, as shown in Fig. 44 (a). These plates serve to hold the mem- 
bers in position and to equalize the stresses at the joints. In designing these joints, rivets 
must be provided sufficient in number to transfer the stresses from the members to the 
gusset plates. Also, in very large trusses it is sometimes necessary to investigate the 
internal stress conditions in the gusset plates in order to make certain that the combined fiber 
stresses on the plates are within allowable limits. For trusses of the size under consider- 
ation, the size of gusset plates will generally be determined by the space required by the 
connecting rivets. The gusset plate thickness should be sufficient to give equal rivet 
values in shear and in bearing. As shown on Fig. 44, 5-in. gusset plates are used ‘at all 
main truss joints. 

The number of rivets required to connect any member to the gusset plates is equal to 
the stress in the member divided by the single shear value of a rivet. Shop rivets 7 in. in 
diameter have a single shear value of 7,220 lb. per rivet (Art. [38], {301}, Specifications) and 
field rivets in single shear have a value of (7,220) (34) = 5,420 1b. Figure 44 (a) shows the 
conditions of the rivets at the several joints and the number provided. For member De, 
which is subjected to a reversal of stress, the number of rivets required is to be determined 
for the sum of the stresses in compression and tension (Art. [44], Specifications). Hence 
the connections are to be designed for a total stress of 360,300 Ib. 

8f. Design of Lateral, Portal and Sway Bracing.—The entire lateral bracing 
system of a truss bridge serves to bind all parts of the structure together, in order to form a 
rigid structure, as well as providing adequately for the stresses determined in Art. 8b. In 
general, members of the lateral bracing systems are proportioned with the consideration of 
rigidity in mind, making certain that adequate provision is made for existing stresses. 
Articles [105 to 114], {435 to 437} of the Specifications govern the design of lateral bracing. 

The calculated stresses for the top lateral bracing are shown on Fig. 36 (c). To assure 
adequate rigidity, Art. [35] of the Specifications states that the bracing provided in the plane 
of the compression chord must be capable of resisting a transverse shear equal to2 )4 per cent 
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of the stress in the chord members of that panel. From Table 6 this transverse shear for 
the truss under consideration is (0.025)(691,000) = 17,300 lb. Hence the stress in a 
diagonal member is then (17,300)(1 79) = 31,000 1b. Since this stress exceeds those given 
in Fig. 36 (c), the design must be made for the greater stress. As shown in Fig. 44 (c), the 
diagonals are composed of four 3144- & 3144-  3é-in. angles. The area furnished by these 
angles is in excess of that required for the calculated stress. However, the adopted section 
conforms to the usual practice. 

Stresses in the lower chord lateral truss members are shown in Fig. 36 (6). Since the 
laterals are fastened to the stringers, as shown in Fig. 44 (b), the unsupported length of 


(® 
Fie. 45. 


lateral diagonal may be taken as the distance from the inner edge of the lower chord member 
to the center of the stringer, which is about 9ft. It will be found that two 5- X 314- x &- 
in. angles arranged as shown in Fig. 44 (b) will provide the necessary area in all panels. 

Portal and sway bracing for spans up to about 300 ft. in length is generally made of the 
form shown in Figs. 45 and 46. The forms shown in Figs. 45 (a) and 46 (a) are used when 
the head room over the clearance diagram (see Fig. 47) is relatively small. Figures 45 (6) 
and 46 (b) and (c) show forms used when greater head room is available. 

The available head room in any case may be determined by a layout of the cross-section 
of the span. Figure 1 of Art. [13] of the Specifications shows the clearance which must be 
provided for the passage of the live load. For the truss under consideration, Fig. 47 shows 


re & 
@ () es 


Fie. 46. 


a cross-section of the span with the clearance diagram in position. Since the available 
head room is limited, sway bracing of the type indicated in Fig. 47 will be used. In general 
no attempt is made to determine the stresses in sway bracing, which is inserted to add 
rigidity to the structure. Angles of minimum size are generally used. For the truss under 
consideration the arrangement adopted for the sway bracing is shown in Fig. 44 (/). 

Figure 48 shows the form and dimensions of the adopted portal. For purposes of stress 
calculation it may be assumed that the dimensions of the portal are as shown in Fig. 48 (6). 
The load at point A is due to a wind pressure of 50 lb. per sq. ft. From p. 329 each top 
lateral panel load is 8,000 lb. Assuming full loads at each top chord panel, including the 
end joints, the load at A, Fig. 48 (b) is (8,000)(54) = 20,000 lb. Since the truss is 
thoroughly riveted, the posts may be assumed as fixed at the base and the point of inflec- 
tion may be taken half way between the lower end of the bracket (shown at B, Fig. 48 (6)) 
and the foot of the post. 

In calculating stresses in the plate girder portal shown in Fig. 48 (b) it may be assumed 
that the bracket does not assist in carrying the stresses. It can readily be shown that the 
maximum stress occurs at point A. Cutting a section close to the right-hand post and tak- 
ing moments about D for forces above the point of inflection, it will be found that the stress 
at A is 

(10,000) (20.7) + (20,000) (3) 


3 = 89,000 lb. 
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A flange composed of 6- X 4- X 3¢-in. angles arranged as shown in Fig. 48 (a) provides some 
excess area, which is desirable, as a rigid portal frame helps stiffen the entire top lateral 
system. The shear in the web plate is equal to the direct stress in the posts due to the load 


Daceae wien tate daakrintound t6 be £20,000) (23.7) miShA0D 1b. ‘The ub slate above 


in Fig. 48 (a) furnishes excess area. Figure 44 shows the complete portal details. 
8g. Design of End Shoe, Chord Splices, and 

Minor Details.—The area of the base of the end shoe must ; 
be sufficient to transfer the maximum end reaction to the ae 
piers or abutments without exceeding the allowable bearing > 
pressures on the material composing the substructure. For 
the truss under consideration, the maximum end reaction 
due to E-60 live load will occur when wheel 2 of the loco- 
motive is located as shown in Fig. 43 (a). This live load 
reaction is found to be 332,000 lb. The impact allowance 
(Z = 160 ft.) is 179,000 lb. In calculating the dead load 
reaction it will be assumed that the dead panel load at the 
end of the truss is one-half the load at the lower chord joints. 
Hence the dead load reaction is (36,500)(54) + (%) 
(26,500) = 105,500 lb. The total end reaction is then 
616,500 Ib. 

Assuming the substructure to be composed of concrete 
masonry, the allowable bearing pressure is 600 |b. per sq. in. 
(Art. [38], Specifications). Hence the bearing area required 


--—----~-->| 


” 


fe------ 2940" 


e---- gto” 
616,500 c. t0¢. Trusses 


is 600. = 1,030 sq. in. As shown in Fig. 44 (a), the end 


shoe rests on a 38- X 46-in. base plate. 

To provide for expansion due to temperature and stress changes, rollers will be placed 
under one end ofthespan. These rollers must permit a horizontal movement of 16%99 = 
1.6 in., or 154 in. (Art. [88], Specifications). Assuming 6-in. rollers (Art. [91], Specifica- 
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tions) the allowable bearing on these rollers is (600) (6) = 3,600 lb. per in. (Art. [38], {301}, 
Specifications). For the end reaction calculated above, the length of rollers required is 
616,500 
3,600 
roller has an effective bearing length of 28 in., giving a total bearing of 196 lin. in. 
Segmental rollers of the type shown in Fig. 44 must be made of sufficient width to pre- 
vent overturning and the distance between faces of adjacent rollers must be sufficient to 


= 171 in. The roller nest shown in Fig. 44 (a) contains seven rollers. Each 
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prevent binding of the rollers. In Fig. 49 let B = horizontal movement of roller, and let 
@ = angle through which the vertical axis of a roller of diameter D turns during a forward 


motion of B. Then @ = 28 radians. From Fig. 49 it can be seen that 20 must not exceed 


the angle 123. If d = width of roller between flat surfaces, the limiting width of roller is 
found to be 


d = Dsin (114.6 3) 


If b represents the minimum clear dis- 
tance which must be maintained between 
faces of rollers in the inclined position and A 
= distance between centers of rollers, it 
can be shown for the conditions given in 
Fig. 49 that 


Ac = (dee (114.6 5) 


The rollers are connected by a pair of horizontal plates of width W, as shown in Fig. 49. 
If it be required that these plates maintain a clear distance e between them in the revolved 
position of the rollers, it can be shown that the width of plates must not exceed 

W = (Ecos @ — e) 

For the truss under consideration it has been found that provision must be made for a 
horizontal movement of 15g in. Assuming that one-half of this movement takes place on 
either side of the vertical position of the rollers, and noting that the center of the roller 
moves but one-half as far as the end of the span, we have 


1.625 


+ 
B 
If the distance between vertical faces of the roller is 4 in., we have 29 = 2(114.6) D deg. = 


ron = = 0.41 in. 


15deg.40 min. From Fig. 49, 2123 = 42deg. Hence the roller will not overturn. 
Assuming that the rollers are not to approach within 44 in. of each otherin the revolved 
position the limiting distance between rollers is 


A = (4 + 0.25) sec 7° 50’ = 4.3 in. 


The rollers will be placed 444 in. center to center as shown in Fig. 44. If the side plates 
are placed 3 in. apart and if they are not to approach closer than }4 in. to each other, we 
have W = (3cos7° 50’ — 0.5) = 2.47in. These plates will be made 23¢ in. wide. 

As shown in Fig. 44, a pin connection is provided between the shoe and the truss, in 
order to comply with Art. [92] of the Specifications. A 7-in. pin has been used. To rein- 
force the gusset plate for bearing on the pin, additional bearing area has been provided by 
means of pin plates arranged as shown in Fig. 44. The design of the pin and the attachment 
of these pin plates is carried out by the methods given in the discussion on Pin-connected 
Trusses. As shown in Fig. 44, the portion of the shoe above the rollers is composed of 
plates and angles. The thickness of web plates is determined by the bearing area on the 
pin required to develop the end reaction. For a/7-in. pin, the bearing area required at 24,000 
lb. per sq. in. is nish oo = 12.85 sq. in. for each web plate, which requires web plates 


12.85 ‘ " ‘ ‘ 
oS 1.83 in. thick. Three 5g-in. web plates on each side are provided, as shown in 


Fig. 44. These web plates are attached to the 1}4-in. base plate by means of 6- X 6- X 34- 
in. angles. Figure 44 shows complete details of the end shoe. 

Splices for top and bottom chord members of riveted trusses are generally located just. 
outside a gusset plate. If the stresses in the members entering the joint are not equal, the 
splice should be placed on the member having the smaller stress. Figure 44 (a) shows the 
location of splices for the truss under consideration. 

As shown in Fig. 44, the lower chord member is spliced near the right end of the second 
panel, From Table 10, p. 334, the net area provided for member bc is 31,37 sq. in, Assum- 


/ Cov, A, 26% 
2&4 3B 3S"s 
2 Web Pls, 2/ 
tS 26 Slr 3h" 
TE ire on Double 
NOTE. '~ ys iw : rot 
Details and Moartertal for Top tee 2 Te FL. Che 
Laterals, Portal Bracirg,ond i 
Stringers same as shown 
on Fig. 44. 
eS 
ee 
S e 
> 
ny 
= 
NA: 27h 215 
ele “ LOL “L 5a* 527 ¢ 
Ns ee a V5 ey y fn z Double la 
‘Ole 7z Par WER Eee 
ve nats ee eegeees 
Fe oelles eof se 
6 2olers a Zothed holes Se 
Ree Cast Bed Plke 
| | +” ts 7 a a” 
C.%0c, Stringers 4 pcre Bol 26-8 a 6-8 
18-6" 


c. toc. Trusses 


GENERAL NOTES —— 


Specitications, A.R.E.A. 1920 = SS = <I 


MK Bate Mechurm OH Steel A Za Os: Ss Z°A/ 
Rives, 2” chameter: AN . 
72 Us 638" 


aS. 54 3g"«3" 


Fra. 50.—General drawing 160-ft. pin-connect 


a (Cov Pf 26" Ye" 


16 x ZLs 3b 55's Ys" 

8 ES 2 Web Pls, 21" Gp" 

Bae 24 55h Yer D 

ACI 5 4 uw fee 22°2 Double Lacing v4 ‘ie : 
uae COR: jGeytaabigamea a a : 
aches 

7/ Splice PR 


33, 
Vigle Lacing 


/5'@ 
4p” Si 
36° Single Lacing 


4a 
x 


iy 
18 

* 
a 


2 
23 
25 /5"€33 6 


22 


| FI de ‘ll >? 
LP Paste. ett : : 2 "Web | Q 
4 Bars 7°/% | : Fil acs cc *s 7 ae a 
Soe, RLU : 313 a g 
Pate 8 & | 


 246Ke ae” 
6-0” 6-6" 


c Cc, Stringers 


c. 72. Trusses 


Va 


SY 2L5 1333" 


ratt truss. Cooper’s E-60 loading. en oe: 


Sec. 3-89] SHORT SPAN STEEL BRIDGES 341 


ing that the splice must be capable of developing the full net strength of the member, the 
splice must be designed for a total loa” of (16,000) (31.37) = 502,000 lb. 

The splice on member abe will be fo. med by plates placed on each side of the web plates 
and by horizontal plates on the outstanding legs of the angles. As shown in Fig. 44, 
21- X }4-in. plates are placed n the outside of the web and 14 X 14-in. plates are placed 
inside the web. A %¢-in. fill ~ plate is used inside the member in order to pr eos for the 
difference in web plate thickness. On the horizontal legs of the angles 12- x 3¢-in. plates 
are provided top and bottom. The net area of this splice material (filler not acid is 
found to be 31.50 sq. in. 

The number of rivets connecting the several splice plates to the member must be deter- 
mined with respect to the distribution of the load to the angles and web plates. Assuming 
the load to be divided in prop tion to the net areas of the several parts, the total stress in 
the web plates is 


19.1 
(502,000) (39-55 = 306,000 Ib. 
and the stress in the angles is 
(502,000) (-3 = 196,000 lb. 


As shown in Fig. 44, the rivets passing through the angles are in single shear. Hence 


the number required is 
196,000, 74 
Fr 9K 355) G) = 36 field rivets. 


Figure 44 shows 9 rivets in each angle, 5 in the vertical leg and 4 in the horizontal leg. 
From Fig. 44 it can be seen that the rivets which pass through the web plate and both splice 
plates are in double shear. Hence the arrangement shown provides 14 rivets in double 
shear and 3 in single shear, not counting the rivets in the angles. The total value of the 
rivets provided, based on their value as field rivets is (2)[(14) (14,440) + (3) (7,220)] (34) 
= 334,000 lb. Figure 44 (a) shows the details of the splice. 

A splice is also provided for the top chord member. From Art. [74] of the Specifications, 
the splice plates must furnish an area of not less than 50 per cent of the area of the smaller 
of the spliced sections. The detail shown in Fig. 44 will develop the full strength of 
the splice material. 

The design of the lacing for compression members is governed by Arts. [69 to 73], {420} 
of the Specifications. To illustrate the methods of lacing design the calculations for 
design of lacing for the top chord will be given. From Table 6, p. 329, the stress in BCD 
is 691,000 lb. Hence the stress in a lacing bar is 

(0.075) (691,000) (1.41) = 6,100 lb. 
From Fig. 40, the length of a lacing bar is found to be (20.5)(1.41) = 28.9in. Assuming a 
’ 234- x W-in. lacing bar, r = 0.289d = (0.289)(0.5) = 0.144 and the allowable stress is 


(50) (28.9) _ : 
15,000 — a OP eat 5,000 lb. per sq. in. 
Hence the area required is 
: 6,100 _ 1.22 E 
5,000 ~ 2° sq. in. 


The assumed bar provides 1.38 sq. in. which is sufficient. From the rolling mill handbooks 
the radius of gyration of the 344- X 344- X %¢-in. angle composing the lower flange angle 
of the top chord compression memberis1.05in. Since the distance between rivets in lacing 
bars is 20.5 in., 


From Table 8, the : for member BCD is 41.6 and two-thirds of this value is 27.7. Hence 


the assumed lacing satisfies the requirements of Art. [71] of the Specifications. The lacing 
for other members is designed by similar methods. Figure 44 shows the adopted lacing 
details. 

Article [67] of the Specifications governs the design of stay plates. Since the rivet lines 
in the lower angles are 20)4 in. apart, the stay plates must be at least (20.5) (1 44) = 25.6 
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20. P : 
in. long, and they must be at least ae = 0.41, or (¢ in. thick. Figure 44 shows the 


adopted sizes of stay plates. 
9. Pin-connected Truss Bridges. 
9a. General Considerations.—General methods for the design of 
truss members, lateral systems, and the floor system of pin-connected trusses are 
the same as given in the preceding pages for riveted truss spans. The design 
methods for joint details in pin-connected trusses are much more complicated 
than for riveted trusses. 

In the following articles a brief discussion will be given regarding the most 
important points involved in the design of pin-connected trusses. It will be 
assumed that the general dimensions and loading conditions for the truss to be 
designed are the same as for the riveted truss designed in the preceding articles. 
The structure under consideration is a 160-ft. pin-connected Pratt truss consist- 
ing of six 26-ft. 8-in. panels with a height of truss of 29 ft. center to center chords. 
E-60 live loading will be assumed and the recommendations of the A.R.E.A. 
Specifications will be followed. Figure 50 shows the general dimensions of the 
structure. In the discussion which follows particular attention will be given to 
those points in design which differ from the ones given forriveted trusses. Where- 
ever possible, the details for the pin-connected structure will be made the same 
as for the riveted structure. 

9b. Design of Members.—Table 11 gives the stresses in all members of the truss 
under consideration. The dead load stresses were calculated for panel loads of 10,000 lb. at 
each top chord joint and loads of 26,500 lb. at the lower joints. These panel loads were 
taken from the calculations giver on p.328. Live load and impact stresses were calculated 
for E-60 loading using the methods given in the volume on ‘“‘ Stresses in Framed Structures.”’ 


It has been assumed in making these calculations that diagonal members carry tension only 
and counters have been provided to prevent reversal of stress in these members. 


TaBLE 11.—SrTresses IN MEeMBERS 
| | 


} } | 
| Total stress 


Wane | Dead | Live | ee | Stress due | due to 
load load Impact | es to lateral | vertical and 
ber vertical : | 
stress stress : loading __slateral 
loading : 
: ) loading 
aB —124,000 | —348,000 | —188,000 | —660,000 


BC | —134,000 | —362,000 | —195,000 | —691,000 
CD | —151,200 | —412,000 | —222,500 | —785,700 
ab + 83,900 | +235,000 | +127,000 | +445 ,900 94,200 | 540,100 
be + 838,900 | +235,000 | +127,000 | +445 ,900 177 , 900 623 , 800 
cd +134,000 | +362,000 | +195,000 | +691,000 | 238,400 929 , 400 


Bb + 26,500 | +119,000 | +110,800 | +254,300 
Be + 74,500 | +232,000 | +152,800 | +459,300 
Cd + 24,800 | +136,000 | +105,200 | +266,000 
De — 24,800 | + 63,000 | + 56,100 | + 94,300 
Ce — 28,300 | —100,000 | — 77,500 | —205,800 
' Dd | + 8,800 | — 46,300 | — 41,300 | — 79,300 


+ denotes tension. — denotes compression. 


Sec. 3-96] SHORT SPAN STEEL BRIDGES 343 


Table 11 also gives the total stress in lower chord members due to lateral loading. These 
values are the same as given in Table 7, p. 330, except for member cd, in which a slight 
change in stress due to overturning effect has taken place in changing from the Warren to 
the Pratt type of truss. 

As shown in Fig. 50, the lower chord members in the panels on each side of truss center 
and all tension diagonals are composed of eye bars. In designing eye bars, the cross-section 
of the body of the bar must furnish the fequired area. Article [139], {440} of the Specifica- 
tions gives the general requirements regarding proportions of eye bars. The sizes of stand- 


Fra. . 51. 


ard eye bar heads are given in the rolling mill handbooks. Since the eye bar heads must be 
placed inside the built-up chord sections, it is desirable that the size of head be kept as 
small as possible. This can be accomplished by using narrow bars, bearing in mind the 
limiting thickness of bars as given in Art. [139], {440} of the Specifications. However, if 
very thick bars are used, it will be found that large pins will be required to carry the result- 
ing bending moments on the pins. In general, it will be found that a bar in which the 
thickness is about 14 of the width will satisfy the conditions stated above. 

The area required for member cd is determined from the combined effect of vertical and 


lateral loading, as in the case of the same member in the riveted truss. From Table 11 the 
929,400 
stress in cd is 929,400 lb. Hence the area required is 30.000 = 46.50 sq. in. Four 7- X 
111/,-in. bars furnish 47.20 sq. in. All other eye bars are designed for working stresses 
of 16,000 lb. per sq. in. Figure 50 shows the adopted eye bars. 
To comply with Art. [138] of the Specifications, lower chord tension member abc and the 
hip vertical Bb must be riveted members. The general form of these members may be 


made the same as for the corresponding members of the riveted truss. In proportioning 
member abc, the depth of web plates depends upon the size of eye bar heads on the members 
entering joint c. As shown in Fig. 51 the eye bar head on member cd must fit inside the 
angles on member abc, and the eye bar head on Bc must not interfere with the lateral plate 
on the under side of abe. Since the sizes of these eye bar heads are not known until the pin 
sizes have been determined, the designer must estimate the probable size of these eye bar 
heads and arrange the parts of the member to meet the assumed conditions. When the 
pin sizes are known, the depth of members must be revised if the proper clearance has not 
been provided in the preliminary estimate. It is probable that for a truss of the size under 
consideration the diameter of pin used at joint c will not exceed about 7 or 8in. Froma 
table of standard eye bar heads it will be found that for pins of the assumed maximum size 
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a 7-in. bar requires a 1714-in. head and an 8-in. bar requires a 19-in. head. Where three 
sizes of heads are given the designer is generally safe in taking the middle size, as in the 
present case. The form of abe may then be taken the same as for the riveted truss, using 
21- X %6-web plates and four 3144- K 3'44- K %@-in. angles. The adopted width of the 
vertical Bb depends upon the arrangement of members at joint B, which is shown in Fig. 
62. Figure 50 shows all details of abe and Bb. 

The depth of web plates for the top chord m&mber is generally determined from the 
arrangement of members at joint B. As shown in Fig. 52, the eye bar head on member Be 
is the determining factor. As in the case of joint c, the probable maximum eye bar head is 
19 in. in diameter. The web plates will therefore be taken as 21 in. deep. In order to 
provide room for packing members Bb and Bc inside the chord section, the 9% g-in. cover 
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plate will be made as wide as possible subject to the requirements of Art. [65], {405} of the 
Specifications. Figure 53 shows the adopted section. The bottom angles in this section 
have been made large in order to reduce the eccentricity of the section. Figure 50 shows 
the adopted sizes for other compression members. 

The location of the pins with respect to the gravity axis of the section depends upon the 
relative width of the eye bar head and the depth of the section. It is desirable to locate 
the pins on the gravity axis of the section in order that the stress may be uniformly distrib- 
uted over the cross-section of the members. However, it is generally not practical to use 
sections so deep that this can be done, for the requirements of Art. [65], {405} of the Speci- 
fications regarding minimum thickness of material would require the use of a large excess 
of area in the member. It is therefore best to place eye bar Be as close to the top cover 
plate as possible, as shown in Fig. 52. If the clearance between the top of the eye bar and 
the cover plate be taken as }4 in., then for 19-in. eye bar head, the distance from the 
center of gravity of the section to the center of the eye bar head, or the center line of pin, 
can be seen from Fig. 53 to be 1.52 in. This distance represents the eccentricity of appli- 
cation of the stress in the chord member. 

Since the top chord is made continuous from end to end by means of riveted joints, the 
whole chord acts as a continuous beam under the action of moments due to the eccentric 
application of the loads at the joints. IfS = stressin the end segment of the top chord and 
e = eccentricity of application of S (considered as positive when the pin is below the center 
of gravity of the section), it can be shown by means of the Theorem of Three Moments 
that the bending moments in the top chord of a six-panel truss vary as shown in Fig. 54. 
For the truss under consideration, S = stress in BC = 691,000 lb. (see Table 11) and 
assuming the pin center to be located 1 in. above the center of the web plate, e = 1.52 in. 
as shown in Fig. 53. Then from the values given in Fig. 54 for the six-panel truss, the 
moment at B due to eccentric application of the stress in BC is (691,000) (1.52) = 1,050,000 
in.-lb. Using the method given on p. 333 it will be found that the moment of inertia about 
the gravity axis of the section shown in Fig. 53 is 3,960 in.4 Hence the compressive fiber 


stress on the lower fiber of the section at a distance 13.27 in. below the gravity axis is 
(1,050,000) (13.27) ‘ : r A 
TN GUUhu alk in 3,520lb. persq.in. As given in Fig. 53, the area of the chord member 


691,000 
is57.05sq.in. Hence the axial stress due to direct loading is “37.08 = 12,100 lb. per sq. in. 


and the combined fiber stress due to direct loading and bending is 12,100 + 3,520 = 15,620 
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lb. per sq. in. Since the fiber stress due to eccentric application of the chord stress may be 
considered as a secondary stress, it is subject to the conditions of Art. [47], {218} of the 
Specifications. For the member under consideration the maximum permissible combined 
fiber stress is therefore (12,500) (4%) = 16,700 Ib. per sq. in. The existing fiber stress is 
within the allowable limits. Since the fiber stress at the point of maximum moment is 
within allowable limits, it is evident that all other points are also within the limits specified. 
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Fic. 54.—Bending moments in top chords due to pin eccentricity. 


The bending moment in the end post due to eccentric application of the stress is also = 
—Se. Since the section of the end post is the same as the top chord, it will be found that 
the combined fiber stress is also within allowable limits. 
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As shown in Fig. 50 the vertical posts Ce and Dd consist of 15-in. channels arranged as 
shown in Fig. 55. The distance back to back of these channels is generally determined by 
the shop requirement that a clear space between channels of at least 514 in. must be pro- 
vided in order to permit the driving of rivets in the lacing bars connecting the channels. 
For the 15-in. channels shown in Fig. 50, the distance back to back of channels can not be 
less than [2(3.40) + 5.5] = 12.3 in. A 12}4-in. spacing has been adopted. The spacing 
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sits 1 ie 
of channels may in some cases be determined by the condition that the= conditions for the 


member must be the same for axes A-A and B-B of Fig. 55 (a). From Fig. 55 (0) the 
unsupported length of the post for axes A-A and B-B are ls andlz respectively. Ifrs = 
radius of gyration of section for axis B-B and rg = radius of gyration for one channel about 
its gravity axis a-a, it can readily be shown that the distance from axis a-a to axis A-A of 


Fig. 55 (a) is 
r= Ne (it) 2 
B\lp ‘ 


For the conditions shown in Fig. 50 for member Cc, lg = 29 ft.,la = 17 ft., r, = 5.62 in., 


and rg = 0.91 in. Hence x = 3.29 in. and the distance back to back of channels is 2(3.29 
+ 0.79) = 8.16 in. 

9c. Design of Pins —In a pin-connected structure, the members entering a 
joint are generally held in position by means of a pin which passes through the several mem- 
bers. These pins are designed as beams subjected to moments which are due to the loads 
brought to the joint by the members. The design involves also the provision of ample 
bearing area at the points where the members bear on the pin in order to prevent crushing 
of the material on the surfaces in contact. 

The design of a pin isin general a cut and try process. In order that the size of pin may 
be determined, it is necessary to know the bending moment on the pin. But before the 
moment can be determined, the relative position of the loads acting on the pin must be 
known. Since these forces are generally assumed to act at the center of bearing on the pin 
for any member, the moment can not be determined until the width of bearing of the 
member on the pinis known. But this width can not be determined until the diameter of 
pinis known. Therefore the following procedure must be adopted in designing a pin. (a) 
Assume the size of pin required. This estimated pin size may be determined approximately 
by comparison with other designs, or from the previous experience of the designer. (6) 
Determine the width of bearing required for the several members. Standard eye bar heads 
are so proportioned as to give the proper bearing area without alteration. In built compres- 
sion or tension members, the pins usually pass through the web plates. Since the stress 
from all other parts of the section must be transferred to the web plate before it can reach 
the pin, it is generally necessary to reinforce the web plate by the addition of extra plates 
in order to provide the necessary bearing area on the pin. These additional plates are 
known as pin plates. (c) Determine the moment on the pin. In determining moments on 
the pin it is generally assumed that the several loads on the pin are concentrated at the cen- 
ter of the bearing area for that member. The arrangement, or packing, of members on the 
pin will be found to have considerable effect on the value of the moment for the same set of 
loads. Therefore, an effort should be made to pack the members so as to produce the small- 
est possible moment. (d) Determine the required pin size. This may be determined by 
the formula given in the following discussion, or from a table of maximum moments on pins. 
If the assumed and required pin sizes are in agreement, the assumed pin size may be 
adopted. If revisions are found necessary, repeat the calculations using the pin size as 
determined from the above method of procedure. In general, it is advisable to use as few 
sizes of pins as possible. (e) Attachment of pin plates to the member. This portion of the 
design will be discussed in detail in Art. 9d. 

As an example of the general methods involved in the design of pins, detailed calcula- 
tions will be given for the design of pins at several of the joints of the truss shown in Fig. 50. 

Pin at Joint B.—The arrangement of members at joint B is shown in Fig. 56 (a). 
Assume that a 744-in. pin is required at joint B.. In determining the bearing area required 
for the built compression members aB and BC, the maximum stresses in Table 11 must be 
used. From Art. [88], {301} of the Specifications the allowable bearing pressure is 24,000 
lb. per sq. in. Hence the thickness or bearing plates required for each web plate of member 


aB is ( (74) (24,000) = 1.90 in. and for member BC, the thickness of bearing plates must 
be (2) (7%) 24,000) = 1.99 in. 

Since aB and BC are compression members, it is not necessary that all parts of the bear- 
ing plates pass around the pin for the members will be held against the pin by the stress in 
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the member. The members may then be cut off as shown in Fig. 56 (b). However, it is 
usual to extend one pin plate from each member so that it will pass around the pin. These 
plates are known as hinge plates. As shown in Fig. 56 (b) the inside plate on aB and the 
outside plate on BC act as hinge plates. 

The arrangement of pin plates on members aB and BC is governed by Art. [79] of the 
Specifications and also by the condition that to facilitate erection in the field there must be 
a clear space of at least 1¢ in. between the inside face of the hinge plates and the face of the 
adjacent members. Figure 56 (c) shows a horizontal section of joint B cutting the several 


members in the plane of the pin center. In designing the chord members, the outside faces 
of the web plates for members aB and BC were placed 1814-in. apart, as shown in Fig. 53. 
The hatched areas in Fig. 56 (c) show these web plates, which are each 5¢ in. thick. On the 
outside of the web plates filler plates are placed which are equal in thickness to the angles on 
the members. These plates are % ¢ in. thick and their position on the member is shown by a 
and g of Fig. 56 (b). On member BC, a %g¢-in. and a 74 g-in. plate (shown by c and b in 
Fig. 56 (b)) are placed outside the angles. These plates are made as wide as possible, and the 
outside plate is extended around the pin to form a hinge plate. On the inside of the mem- 
ber a 7 ,-in. plate (shown by d in Fig. 56 (b)) has been used. Since rivets must be counter- 
sunk in these plates, it will be found that a 7{,-in. plate is the minimum allowable plate 
thickness. The total width of bearing provided by this arrangement of plates is 25¢ in. 
This width is somewhat greater than necessary, but it is the least width obtainable for the 
arrangement of plates which has been used. This arrangement is desirable, for the rivets 
in the web plate which also pass through the inner and outer pin plates, are in bearing or 
in double shear instead of in single shear. These increased rivet values permit the use of 
shorter pin plates. On member aB a %¢-in. filler and a 7{¢-in. pin plate are used on the 
outside of the web plate. As shown in Fig. 56 (c) this provides a clearance of 14 in. between 
the hinge plate on BC and plate hon member aB. On the inside of BC a %%¢-in. plate is 
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used against the web plate and a 7/¢-in. plate (plate f on Fig. 56 (c)) forms a hinge plate. 
The clearance between the hinge plate on aB and plate d of member BC is also }¢ in. 

The 1134 ¢-in. eye bar of member Bc is placed just inside the chord members. As shown 
in Fig. 56 (c), a clearance of 44 in. has been provided on each side of the eye bar. As stated 
in Art. [38], {301} of the Specifications, the allowable stresses in tension in the eye bar and 
bearing on the pin are 16,000 and 24,000 lb. per sq. in. respectively. Hence it can readily 
be seen that when the diameter of pin is greater than 24 the width of the bar, the bearing 
area between the pin and the bar is provided by an eye bar head of the same thickness as 
the body of the bar. However, Art. [139], {440} of the Specifications does not permit the 
use of pins whose diameter is less than 7g the width of the bar. For the case under con- 
sideration, the minimum allowable pin is therefore (74)(8) = 7in. Since the assumed pin 
is 714 in. in diameter, this requirement is satisfied. 

From Table 11 the stress in Bb is 254,300 lb. Hence the width of bearing on the pin for 
each segment of the member must be at least eos 00; = 0.733 in. However, it 
will be found that the width of bearing to be provided for member is governed by other 
considerations, which will now be discussed. 

Member Bb is a tension member consisting of four 4- X 6- X 74 ¢,-in. angles anda10- X 
74 g-in. plate arranged as shown in Fig. 56 (d). To connect this section to the pin, plates 
are riveted to the 6-in. legs of the angles as shown in Fig. 56 (d). Above the angles, a filler 
is placed between these plates. The thickness of the filler is 74g in., the same as the thick- 
ness of the angles. From Art. [76] of the Specifications, the net area on section a-a of Fig. 
56 (d) must be 140 per cent of the area of the body of the member. For the section given 
above the net area is found to be 16.70 sq. in. (two rivet holes from each angle and two from 
the plate). Hence the net area of each segment oa section a-a, Fig. 56 (d), must be (44) 


(16.70) (1.40) = 11.69 sq. in. Assuming the total width of the connecting plates to be 16 
11.69 


in., the thickness of plates must be de —-T7 = 1.34 in. Two 14-in. plates in addition 
to the %(¢-in. filler will therefore be required, giving a total width of bearing of 13, 
in. Figure 56 (c) shows the bearing plates for Bb in position. It will now be necessary to 
determine the distance from the outside of the filler plate of member Bb to the center of the 
member in order to check on the width of plate assumed for the body of member Bb. From 
the dimensions given in Fig. 56 (c), this distance is found to be 5444 in. Hence a 10-in. 
plate may be used as assumed. 

After the packing of the members has been arranged, as shown in Fig. 56 (c), the dis- 
tance between centers of bearing for the several members must be determined. These 
distances are as shown in Fig. 56 (c). 

The moment on the pin is to be calculated for the loading condition which produces the 
maximum moment. It can readily be seen that the stresses to be used for the several mem- 
bers must be the simultaneous stresses in these members for some given load position, for the 
pin must be in equilibrium under the applied loads. Therefore the maximum stresses for 
all members as given in Table 11, p. 342 cannot be used but new values must be determined. 
It will be found by trial that the load position causing maximum stress in Bb (and also in 
aB) will give the maximum pin moment. 

In calculating the moment on the pin, the applied loads may be resolved into their verti- 
eal and horizontal components. The moment for forces in the horizontal and vertical 
planes may then be determined, and finally, the resultant of these moments will give the 
required moment. Table 12 gives the vertical and horizontal components of stress acting 
in the several members. ‘To determine the live load stresses, the live load stress for Bb 


may be taken directly from Table 11 and the vertical component of stress in aB, which is 


348,000 : ; ; 
“1.36. = 256,000 Ib., may be determined from values given in Table 11. These compo- 


nents are shown in position in Fig. 57 (a). The simultaneous stresses in BC and Be, as 
given in Table 12 may readily be determined from Fig. 57 (a). In calculating impact 
stresses, the same impact coefficient must be used for all members. Since the truss is fully 
loaded (L = 160 ft.), the impact coefficient is 0.54. To determine the dead load stresses, 
the values given in Table 11 for members Bb and Bc will be used. Figure 57 (b) shows the 
simultaneous components for all members. It will be noted that the values shown for BC’ 
and aB do not agree with those given in Table 11, This is due to the fact that the dead 
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joint load at B has been omitted. However, the resulting error is small, and the results 
obtained will be considered as satisfactory. Having found the total vertical components 
of stresses as given in Table 12, the horizontal components were found by multiplying total 


vertical components by 23.87 which is the tangent of the angle between the diagonal and 
vertical members. 
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TaBLe 12.—SIMULTANEOUS STRESSES IN Mempurs ar Joint B 


| 


Vertical component 


Mem- | Horizontal Mem- 
ber ] component ber 
Live load Impact | Dead load | Total 
aB 256 , 000 138 , 000 | 81,300 | 475 ,300 438 , 000 aB 
Bb 119,000 64,300 | 26,500 ZUSE COONS lm. cares oe Bb 
Be | 137,000 73,700 | 54,800 | 265,500 | 244,000 Be 
Beth ae SSCA OS mortar |e eas |W ot. 920 682 , 000 BC 


Figure 58 shows the components of stresses in members in position on the pin. From 
Fig. 58 (a) the pin moment due to vertical forces is a maximum at point 4. The value 
of this moment is (237,650) (2.34 + 1.75) — (132,750)(1.75) = 739,000 in.-lb. From Fig. 
58 (b) it can be seen that for horizontal components the moment at 4 is equal to the moment 
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at 3, and that the moment is (341,000) (0.563 + 2.34) — (229,000) (2.34) = 454,000 in.-lb. 
The resultant of horizontal and vertical moments is +/ (739, 000)? + (454, 000)? = 868,000 


in.-lb. 
Having given the maximum bending moment and the allowable fiber stress, the required 


M nap 
diameter of pin may be determined from the formula f = a , which is the usual formula for 
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ers ds 
determination of fiber stress in beams. For a circular section rts oo = 0.098d*, where 


‘ ; le A 
d = diameter of pin in inches. Placing this value of in the general formula and solving 


a. M vit 
d = «/ 10.2 F TRING 


From Art. [38], {301} of the Specifications, the allowable bending stress on the pin is 24,000 
lb. per sq. in. On substituting this value of f in the above equation we have 


d = 0.0753+/M 


Therefore, the pin diameter required for the moment calculated above is d = 0.0753 
~/368,000 = 7.18 in. The assumed 714-in. pin is therefore satisfactory and will be 
adopted. The diameter of pin may also be taken from tables which give the maxi- 
mum moment which may be carried by a pin of given diameter. 

From a table of standard eye bar heads, it will be found that a 714-in. pin hole may be 
placed in a 19-in. head on an 8-in. bar. Hence all preliminary assumptions made regarding 
pin size and size of eye bar head check with the standards. The adopted details of top 


for d, we have 


| Rocking symmpetnial about conker ne of trite 
Corker Line of Foss > 


2% tote — abe 
Nole:- Clearance x excet @s shorn 


Fig. 59.—Lower chord packing. 


chord members may therefore be used. If it had been found that the assumed sizes for 
these parts did not check with the standard sizes, it would probably have been necessary to 
make revisions in sections to fit the actual conditions. 

Packing of Lower Chord Members.—The packing of the lower chord members on the pins 
must be so arranged as to cause the least possible moment in the pins. Also, the packing of 
any member at adjacent joints must be such that the inclination of members between 
joints does not exceed 1 4 in. per ft. (Art. [140], Specifications). Members should not be in 
direct contact. Where eye bars are placed side by side, a clear space of 14 in. must be left 
between the adjacent faces. When an eye bar is placed next to a riveted member, the clear 
space provided should be at least }¢ in., and where two riveted members are placed side by 
side, the clearance should be at least }4 in. 

In packing the members of the lower chord, it will generally be found best to arrange the 
members at each joint in order to obtain minimum moment on the pin. After this has been 
done, the several joints must be studied as a unit in order to make certain that the inclina- 
tion of bars between adjacent joints does not exceed the allowable limits stated in Art. 
[140] of the Specifications. The problem of lower chord packing is complicated and requires 
careful consideration. 

Figure 59 shows a layout of the lower chord packing as adopted for the truss under con- 
sideration. As shown on the layout, 7}4-in. pins have been used at all lower chord joints. 
In calculating moments on the pins at joints c and d, it was found that these moments were 
a maximum for the loading conditions giving maximum stresses in the diagonals Bc and Cd. 
The moment on the pin at joint a was found to be a maximum when the stress in the end 
post wasamaximum. It will generally be found for trusses of the form under consideration 
that the pin at the center lower chord joint will have a moment greater than the other lower 
chord pins. The design of this pin should be considered first. Having decided upon the 
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proper pin size, it will be found best to use the same pin size atc ande. At joint a the pin 
size is generally made the same as at joint B. As shown on Fig. 50, 5}4-in. pins have been 
used at top chord joints C, D, and E. Thisis about the minimum size of pin which can be 
used in 6-in. bars (Art. [139], {440}, Specifications). It will be noted from Fig. 50 that two 
6-in. bars have been used as counters in panel cd and de. These bars furnish considerable 
excess area, but if a single bar is used, it would have to be placed at the pin center. This 
results in very large moments. The use of two bars as counters, arranged as shown in Fig. 
59, will result in smaller pin moments. 

9d. Attachment of Pin Plates.—In designing the pins it was assumed that the 
bearing pressure between the pin and the pin plates placed on the member is uniformly 
distributed over the area of contact 
between pin and member. The 
design of pin plate attachment con- 
sists in providing sufficient connect- 
ing rivets between these plates and 
the body of the main member so that 
the stresses in the plates at the pin 
will be transferred to the body of the 
member without overstressing any 
part of the member. In the follow- 
ing discussion detailed calculations 
will be given for the design of pin 
. plate attachment for a few of the Fia. 60. 
truss members shown in Fig. 50. 

Member BC at Joint B—The attachment of pin plates at joint B of member BC must be 
designed to meet the following conditions: (a) The stress in the top angle and one-half the 
cover plate must be transferred to the pin plates by means of rivets through the vertical leg 
of the top angle; (6) the stress in the lower angle must be transferred to the pin plates by 
means of rivets through the vertical leg of the lower angle; and (c) the difference in stress in 
the web plate in the body of the member and at the pin must be transferred from the web 
plate to the pin plates by the connecting rivets. 

Figure 60 shows the arrangement of pin plates on member BC at joint B. Plate bon 
the outside of the member has been made wide enough to cover the vertical legs of the 
angles, for in this manner the rivets through the angles may be counted in bearing on the 
angle, thereby permitting the use of short pin plates. The hinge plate, shown as plate c, 
is made 14 in. wide, extending to the inner edges of the angles. This is done to allow clear- 
ance for driving the rivets in the horizontal legs of the top angles. 

The stresses in the several pin plates at the pin are given in Table 13. These stresses 
were determined on the assumption that the total stress in BC is carried by the several 
plates in proportion to their thickness. The total stress in the member must be determined 

.subject to the requirements of Art. [57] of the Specifications. The gross area of member BC 
as shown in Fig. 53 is 57.05 sq. in. and from Art. 38], {301} of the Specifications, the allow- 


TaBLe 13.—Srresses Nn Prin Piates at Prn Hoe at B ON One Sipe or MemBer BC 


Plate Thickness ” Stress 
a % 6 (%»)(356,600) = 76,400 
b % (%5)(356,600) = 76,400 
c Ke (745) (356,600) = 59,400 
d Je (745)(356,600) = 59,400 
web 1%, (1% 5) (356,600) = 85,000 
*He , 356 , 600 
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able working stress is 12,500 lb. per sq. in. Hence the full working strength of BC is 
(57.05) (12,500) = 713,100 lb. This exceeds the stress given in Table 11, for member BC, 
but it must be used in order to comply with the Specifications. 

On a section a-b, Fig. 60, taken in the body of the member, the stresses in the plates and 
angles forming one-half the member are as given in Table 14, assuming the stress divided 
among the parts in proportion to their area. 


TasLE 14.—Srresses IN Parts or Memper BC at Section a-b, Fic. 60 


Part Area Stress 

_ 6,600) = 91,400 

WesCover plate gen no.a- 02 sess, v oe 1.01 38.525 (356,600) = : 
3.62 cerks 

BOD ung Le Piles oat wrote iss ot routers ae 3.62 (Ex) (356,600) = 45,200 
13.125 te 

UR chem net 0a od sete Laie Ree 13.125 ( =) (356,600) = 164,100 
4.47 

Bottom angles «645 5 >.s aprede re 2! e% 4.47 5555) (356,600) = 55,900 

28.525 356,600 


The stresses given in Table 14 for the top angle and one-half the cover plate, a total stress 
of 136,600 lb., must be transferred to the pin plates by means of rivets through the vertical 
leg of the top angle. This stress of 136,600 lb. must be taken by all pin plates, acting as a 
unit. Also, each pin plate must take its share of the total stress. Assuming that each 
plate is stressed in proportion to its thickness, the stresses in the several plates are given in 
Table 15, Plate c, the hinge plate, has been included in Table 15. Although plate c does 


TasLe 15.—Srresses IN Pin Puates at Tor ANGLE 


Plate Thickness Stress 
a %6 (%2) (136,600) = 38,400 
b Ke (%2) (136,600) = 38,400 
c Yo (32) (136,600) = 29,900 
d Ke (342) (136,600) = 29,900 
3346 136,600 


not contain rivets which pass through the top angles, it is evident that a portion of the stress 
of 59,400 lb. given in Table 13 for plate c must come from the top angles. The stress in the 
top angles which is carried by plate c is transferred from rivet line e to rivet line f in Fig. 60 
by an indirect transmission of shear through pin plate b. Hence, it may be assumed that 
plate c is directly connected to the rivets in line e. 

From Table 15, plate c has a stress of 29,9001b. If plate c be considered as acting alone, 

J A ote 29,900 

the connecting rivets are in single shear and 7,220 = 5 rivets are required. Figure 60 
shows 5 rivets in line f and 6 rivets in line e. Plate c on the front face of BC and plate d 
on the rear face, when acting together, have a total stress which is given in Table 15 as 29,900 
+ 29,900 = 59,800 lb. As stated above, the rivets in line e may be considered as passing 
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through plate b. Hence, the rivets passing through plates c and d are in bearing on the % ¢- 
59,800 
11,810 
to carry the stress in platescandd. Plate d may then be cut off as shown in Fig. 60, which 
shows that plates c and d are equal in length. From Table 15, plates b, c and d have a total 
stress of 38,400 + 29,900 + 29,900 = 98,200 lb. As shown in Fig. 60, there are 6 rivets 
in position which pass through plates b and d. These rivets have a value of (6)(11,810) = 
70,860 lb. There remains 98,200 — 70,860 = 27,340 lb. to be carried by rivets in plate b. 
These rivets may also be considered in bearing on the top angles because of the indirect 


ra 27,34 ne ; P 
transmission of stress by the web plate. Hence ao = 8 additional rivets are required 


in. top angles, and the value of arivetis11,810lb. Therefore, = 5 rivets are required 


in plate b. These are shown in position in Fig. 60. Finally, the entire group of plates must 
transfer the total stress of 136,600 lb. to the top angle. Figure 60 shows 9 rivets in bearing 
on the top angles. These rivets have a value of (9)(11,810) = 106,3001b. The balance of 
the total stress, which is 136,600 — 106,300 = 30,300 lb., must be carried by rivets in line 
g of plate a. These rivets are in single shear, and they may be considered as transferring 


: ; ; ; ,300 
their stress through the web plate to line A of the top angles. The number required is eae 


= 4, which are shown in position in Fig. 60. 
Table 16 gives the stress transferred by the lower angles to the pin plates. From Table 14 
the stress to be transferred is 55,900 lb. By the same methods as used above, it will be 


TaBLe 16.—SrrReEssEes IN Pin Puares at Lower ANGLE 


Plate Thickness Stress 
a 6 (%2)(55,900) = 15,720 
b | %e (%2) (55,900) = 15,720 
c Ke (742) (55,900) = 12,230 
d He (742) (55,900) = 12,230 
3H 55,900 


found that the arrangement of rivets shown in Fig. 60 provides excess strength. This is 
the least number of rivets which can be used, since the plates are cut square at the ends, 
as shown. 

The difference in stress in the web plate and in the body of the member will be provided 
for by means of rivets placed along the center line of the web plate. It will be assumed 
that the rows of rivets just inside the points of the angles serve to bind the plates to the web 
and assist in the indirect transfer of stress which has been mentioned in the above discussion. 
From Tables 13 and 14, the difference in web plate stress between the pin hole and section 
a-b of Fig. 60 is 164,100 — 85,000 = 79,100 lb. Assuming this stress to be taken by the 
several plates in proportion to their thickness, the plate stresses are as given in Table 17. 

Plate c, acting alone, has a stress of 17,300 lb. The rivets connecting this plate to the 
member are in single shear and ets = 3 rivets are required. In Fig. 60 the required 
rivets are shown in place on the center line of the web plate. Platescandd acting together 
have a total stress of 17,300 + 17,300 = 34,600 lb. ‘The connecting rivets are in bearing 
on the web plate and they have a value of 13,130 lb. per rivet. Figure 60 shows 3 rivets 
passing through both plates. The value of these rivets is (3)(13,130) = 39,3901b. Plates 
b, c and d acting together have a total stress of 22,250 + 17,300 + 17,300 = 56,850 Ib. 
Figure 60 shows 3 rivets through plates c and d which are in bearing on the web plate and 3 
rivets in plate b which are in single shear. The total value of these rivets is (3) (13,130) + 
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(3) (7,220) = 61,050 lb. Finally, all plates acting together have a stress of 79,100 lb. 
Figure 60 shows 3 rivets in bearing on the web plate and 6 rivets in single shear. These 
rivets have a value of (3)(13,130) + (6)(7,220) = 83,710 lb. 

Before the arrangement of plates and rivets shown in Fig. 60 may be adopted as final, 
a check must be made in order to make certain that the rivets in the several plates will 
carry the stresses given in Table 13. Except for plate c, only the rivets passing through the 


TasLe 17.—StressEs IN Pin Puates oN CentER LINE oF WeEB PLATE 


Plate Thickness Stress 
a Xe : (%)(79,100) = 22,250 
b %6 | (92) (79,100) = 22,250 
c Keo | (742)(79,100) = 17,300 
d Ke (%2) (79,100) = 17,300 
3346 79,100 


angles and the line of rivets at the center of the web plate will be considered, for the reasons 
given above. Plate c alone has a stress of 59,400 lb. (Table 13). Figure 60 shows 12 rivets 
in single shear in plate c. These rivets have a value of (12)(7,220) = 86,600 lb. Plates 
c and d together have a stress of 118,800 lb. Figure 60 shows 10 rivets in bearing on the 
9 -in. angles and 3 rivets in bearing on the 5¢-in. web plate. The total value of these 
rivets is 157,490 lb. Plates b, c and d taken together have a total stress of 195,200 lb. 
Figure 60 shows 16 rivets in bearing on the angles, 3 rivets in bearing on the web plate, and 
3 rivets in single shear. These rivets have a total value of 250,010 lb. All plates, acting 
together, have a stress of 271,600. To carry this stress, Fig. 60 shows 16 rivets in bearing 
on the angles, 3 rivets in bearing on the web plate, and 14 rivets in single shear. These 
rivets have a value of 329,430 lb. Since the strength provided by rivets is in all cases in 
excess of the stresses, the arrangement shown in Fig. 60 will be adopted as final. 

Member abc.—As shown in Fig. 50, 7}4-in. pins are provided at each end of member abc. 
The thickness of pin plates required on member abe is determined by the requirements of 
Art. [76] of the Specifications. The net area of member abc is found to be 31.37 sq.in. To 
meet the requirements of Art. [76] of the Specifications, the net area through the pin hole 
must be at least (44) (31.37)(1.40) = 21.96 sq. in. for each segment of the member. As 
shown in Fig. 61, a 14- X %@-in. filler and a 19- X %%¢-in. cover plate are used as pin 
plates. The net area at the pin hole is found to be 22.01 sq. in. 

From Art. [76] of the Specifications, the rivets in the pin plates must develop the full 
strength of the net area at the pin hole. Therefore the pin plate attachment must be 

designed for a stress of (22.01)(16,000) = 352,200 


e a , lb. in each segment of member abc. 
Jolwr c ds Figure 61 shows the conditions at joint c of 
—— ; r | member abc. The stress brought to the member 
(#54 ie j (33 by the pin is delivered to the pin plates in bear- 
" Liat heal (4° *“ ing at point g. These pin plate stresses must be 


(FSSDOT OS HOO | transmitted by the plates and distributed uni- 
formly over the net area of the section at the pin 
Treats hole, shown by c-d in Fig. 61. Finally, the 
stresses at section c-d must be transmitted to the 

body of the main member at section e-f. 
In carrying out the design as outlined above, it will be assumed that the stress at section 
e-f is the same as the stress at the pin hole section, which has been found to be 352,200 lb. 
Assuming that the total stress at point g is carried by the several plates in proportion to 

their thickness, the stresses ve as given in Table 18. 
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TaBLE 18.—Brarina Srresses oN Puates at Pin Horn 
EE Sn ee ee 


Plate Thickness Stresses 
a Ne 947(352,200) = 117,400 
b %6 %7(352,200) = 117,400 
Web plate %e 2 7(352,200) = 117,400 
26 352,200 


At the pin hole, the stresses carried by the several plates and angles are as given 
in Table 19. 


TaBLE 19.—SrreEssEs oN Nev AREA At Pin House 


Section Net area Stresses 
Top angle sists 3.06 (sor) (852,200) = 49,000 
I ee aor ) (382, 
Pi pith (OY sv cheat acvvccdecs 5.48 (sar) (352,200) = 87,700 
RA a 3.80 (sai) (352,200) = 60,700 
Wasbaasletast beedtannn's asih.nansvicen 2th 6.61 (sc) (352,200) = 105,800 
Bovien aiete nfo ce te 3.06 (sor) (352,200) = 49,000 
22.01 
22.01 352,200 


From Tables 18 and 19, it will be found on comparing the stresses given for pin plates 
a and b and the web plate that these plates have delivered to them in bearing at point g 
a stress which is greater than they are capable of carrying at the net section through the pin 
hole. It can readily be seen that this excess stress is transferred to the angles between the 
pin hole and the end of the member, and that it is carried across the net section by the 
angles. From Table 19, the stress in each angle is 49,000 lb. The connecting rivets are in 
bearing on the angle, having a value of 11,810 lb. per rivet. Hence Tat = 56 rivets 
are required in the angle between the pin hole and the end of the member. The total stress 
of 98,000 lb. which is delivered to the angles on the right of the pin hole comes from the pin 
plates and the web plate. Since the web plate and pin plate a are in contact with the 
angle, their portion of the stress is transmitted directly. Since pin plate b is not in direct 
contact with the angles, the portion of the 98,000 lb. which is delivered to the angles must be 
transmitted indirectly through plate a and the web. The stress thus transmitted is the 
difference in the stresses given in Tables 18 and 19 for plate b, which is found to be 117,400 
— 60,700 = 56,7001b. From Fig. 61, the connecting rivets can be seen to be in bearing on 
pin plate b. Hence eee = 5 rivets are required. Figure 61 shows 10 rivets in place. 
This is in excess of the number required, but the arrangement shown is symmetrical and 
serves to bind the plates together effectively. 

Table 20 gives the stresses in the several parts of the body of the member, assuming 
that the total stress at the pin hole is transferred to the cross-section of the member. 
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TasLe 20.—Srresses ON Net Section or Main MEMBER 


Section Net area Stress 
Oe eee 3.06 | (sss eee ) (352,200) = 68,700 
ee et 0 kt a 9.565 a i503) (352,200) = 214,800 
SOULOUIERUU Giese pry fees came ert 3.06 (ieee 685 (352,200) = 68,700 
15.685 | 352,200 


From Tables 19 and 20, it can be seen that a stress of 68,700 — aoe = 19,700 lb. must 
be transferred from pin plates a and 6 to the angles. Hence eet 810 = 2 rivets must be 
placed through the angles between sections c-d and e-f of Fig. 61. Four rivets are shown in 
place. At the pin hole, the stress in the web plate, as given in Table 19, is 105,800 Ib., and 
in the body of the member at section e-f the stress in the web plate, as given in Table 20, is 
214,8001b. The difference between these stresses, or 109,000 lb., must be transferred to the 
web plate by rivets in single shear. Hence oe = 16 rivets are required. In Fig. 61, 
16 rivets are shown in plates a and b, not counting the rivets in plate a through the angles. 
Note that only two rivets are used in the last row of rivets in plate b in order to attain the 
effective net area assumed in the design of member abc. 

The net length of the member on the line g-h to the right of the pin hole must meet the 
requirements of Art. [76] of the Specifications. Since the total thickness of plates on this 
section is 11%, in. and the net area required is 15.685 sq. in., the required net lengthis 

15.685 
l1Me 
(35g +2) = 123¢ in. 

Member Bb at Joint B.—The dimensions of the pin plates on member Bb at joint B have 
been determined on p. 348. Figure 62 shows the adopted 
arrangement of pin plates. The net area of plates at the 
pin hole is (16 — 734)(1}6) = 12.58 sq. in. for each 
segment of the member. Hence the stress to be used in 
designing the pin plate attachment is (12.58) (16,000) = 
201,000 lb. 

At point e, Fig. 62, when the pin plates bear on the 
pin, each plate receives a stress which is proportional 
to its thickness. Hence the stress in the 74¢-in. filler 
is (443) (201,000) = 61,000 lb., and the stress in each 
14-in. pin plate is (843)(201,000) = 70,000 lb. At the 
pin hole, the net area of each plate is proportional to its 
thickness. Hence the stresses in the several plates are 
the same as given above for bearing stress. Therefore, 
no rivets are required above the pin hole, since the 
stresses in bearing at e and the stresses on the net section 
are equal. Two rivets are placed above the pin in order 
to bind the plates together. As shown in Fig. 62, the 
74 g-in. filler extends below the pin to the tops of the 
angles of the main member, which are cut off at c-d. The stress of 61,000 1b. in the filler 
must be transferred to the outside plates Pi rivets placed above cd and below the pin. These 

1,000 
9,190 


= 9.3 in. The net length provided by the arrangement shown in Fig. 61 is 18 — 


Fie. 62. 


= 7 rivets are required. Figure 62 shows 


8 rivets in place. 
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The net area required on line ef above the pin hole is (14) (16.70) = 8.35 sq. in. (Art. 
[76], Specifications). Since the plates are 17/¢ in. thick, the net length required is ee = 
5.75in. From Fig. 53, the distance from the center of the pin to the under side of the ite 
plate is 934 in. Allowing 14 in. clear between the top of member Bb and the cover plate, 
the distance from the pin center to the top of member Bb may be as great as 914 in., as 
shown in Fig. 62. This arrangement provides a net length of 944 — 
35g = 5% in. on line e-f. 

The pin plates must be connected to the main angles by means of rivets 
passing through the }4-in. pin plates and the angles. The inside plate 
must be slotted around the angles. Since the connecting rivets are in 
bearing on the 7¢-in. angles, the number required in each pair of angles 

201,000 


89190 7 22 rivets. Figure 62 shows the adopted arrangement. 

Pin Plate Attachment for Vertical Compression Members.—In designing 
the pin at lower chord joint c it was found that pin plates had to be pro- Z"Ph 
vided to take care of the bearing due to the vertical component of stress in Z/ 


diagonal Bc. From Table 11, this stress is 459,300 lb. and its vertical + 
459,300 
1.36 


= 
= 337,000 lb. Fora 714-in. pin, the thickness of Cis" 33ib & 


337,000 : Fie. 63. 

SoS oomm™”-—«C iC = -«CO=«w97=SCin. 

(2) (734) (24,000) 

Since the web of a 15-in. 33-lb. channel is 0.40 in. thick, pin plates totaling 0.97 — 0.40 = 
0.57 in. in thickness are required. A 7g-in. plate was placed outside the channels and a 
3£-in. plate was placed inside, arranged as shown in Fig. 63. A %g¢-in. plate was used on 
the outside because some of the rivets must be countersunk in the face of the plate. 
Assuming the total stress to be carried by the plates in proportion to their thickness, 


168,50 SO 4875) = 60,800 lb. and the 3¢-in. plate carries 


component is 


bearing for each segment of the post is 


the 7{,-in. plate carries 
52,200 lb. 

Considering each plate to act alone, the rivets being in single shear, 
60,800 
7,220 
When both plates act together, the rivets being in bearing on the 0.4-in. web of the channel 
52,200 + 60,800 

8,400 


52,200 
7,220 


= 9 rivets are required in the 7{¢-in. plate. 


= 8 rivets 


are required in the 3¢-in. plate, and 


the number required is = 14 rivets. Figure 63 shows the adopted 


arrangement. 

9c. Lateral Bracing, Floor System, etc.—The design of the lateral bracing, 
portal, and sway bracing is designed by the same methods as used in Art. 8f for the riveted 
truss. Figure 50 shows the adopted arrangement. 

The stringers for the pin-connected truss may be made the same as those designed in 
Art. 8d for the riveted truss. Figure 50 shows the complete details of these stringers. 
Since the top chord and end post have been made slightly wider than these members for 
the riveted truss, it will be necessary to use a wider spacing for the main trusses. From Fig. 
53, it can be seen that the extreme width of chord members over the lower angles is 2814 in. 
Hence the trusses will be spaced 18 ft. 6 in., as shown in Fig. 50. 

The design methods for the flange and web section of the intermediate floor beam are 
the same as for the riveted truss as given on p. 336 of Art. 8d. However, the lower corner 
of the floor beam must be cut away, as shown in Fig. 64, in order to clear the lower chord 
member and the diagonal eye bars. From Fig. 59 the half width of the lower chord at 
joint cis 1 ft. 47¢ in. To allow room for removing the pilot nut after the pin at c is driven, 
an additional clearance of 6 in. must be provided. Hence the inside face of the corner angle 
on the web plate must be placed 1 ft. 1074 in. from the center line of the truss, as shown in 
Fig. 64. To avoid interference with the eye bars entering joint c, the horizontal legs of the 
corner angle must be placed 1 ft. 2 in. above the center line of the lower chord. This dis- 
tance is best determined by means of a layout of the joint. Figure 64 shows the portion 
of the web plate and lower angles which have been cut away, 
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To provide room for the rivets required to connect the floor beam to the vertical posts, 
the connection angle has been extended above the top flange angles. It was found on p. 
336 that 45 field rivets are required in this connection. These rivets are shown in place in 
Fig. 64. The connection angles are fastened to an irregular shaped plate which is spliced 
on the main web plate. As shown in Fig. 64, the splice between these plates is located 3 ft. 
from the center line of the truss. It was found by means of eq. (3), p. 316 that the exist- 
ing shear and moment at the splice called for two rows of rivets spaced at 314 in. on each 
side of the splice. The splice plate was made of the same thickness as the flange angles in 
order that it might also act as a filler for the end connection angles. Also, by running these 
splice plates back to the end connection angles, they serve as additional web area to replace 
the portion of the web which has been cut away. 


8" Bor on Be 


7 lower Chord Bar> 
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The rivets connecting the top flange angles to the web plate between the truss and the 
stringer must develop the flange stress at the stringer. At the stringer, the total moment is 
found to be 17,390,000 in.-lb. This momentis slightly greater than for the riveted truss due 


to the increased truss spacing. The top flange stress at the stringer is (17,390,000) (15.56) 
219,000 (60.75) (20.23) 


= 219,000 lb. and “9.190 ~ 24 rivets are required in bearing on the web plate. Since 


the end of the lower flange angles has been cut away, there is available a much shorter length 
in which to place the required rivets than in the case of the top flange. However, by placing 
a }4-in. cover plate over the lower portion of the web and extending the cover plate to cover 
the outer end of the lower angles, as shown in Fig. 64, the rivets passing though the cover 
plates and the lower angles are in quadruple shear and have a value of 28,880 lb. per rivet. 
As shown in Fig. 64, the lower angles contain 6 rivets in quadruple shear and 12 rivets in 
bearing on the web plate. These rivets have a total value of 283,560 lb. At the splice, 
the stress in the lower flange is 109,500 lb. The four rivets shown to the left of the splice 
are sufficient to provide for the existing flange stress. 

Since the flange angles have been cut away at the lower corner, the web plate, and its 
reinforcing plates must carry the bending moment. To estimate the bending stresses 
on this portion of the web, the fiber stress on a section such as a-b, Fig. 64, must be investi- 
gated. It was found that the extreme fiber stress for the plates shown in Fig. 64 was about 
10,800 lb. per sq. in. If in any case this fiber stress is found to be in excess of 16,000 lb. 
per sq. in., additional plates must be provided until the fiber stress is within allowable limits. 
The design of the end floor beam is carried out in a similar manner. Figure 50 shows the 
adopted details. 


the ate 
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STEEL HIGHWAY BRIDGES 


10. General Considerations.—Many different conditions are met in highway 
bridge work. The character of the stream in high water periods must be con- 
sidered in determining the type of structure to be used for a given crossing. 
Some streams are entirely free from floating brush, logs, stumps, etc. The 
clear headroom between high water and the low steel in the bridge need not be 
great and deck spans may be used. Other streams flowing through an unsettled 
country may carry considerable drift. In such cases considerable clear head- 
room must be provided and a through span must be used. 

The width of roadway generally used is not less than 22 ft. It is usually 
required to be not less than 4 ft. greater than approach pavement width. 

Plate girders and low trusses are used extensively in highway bridge work 
for spans from 50 to 85 ft. For spans over 85 ft. long, high truss spans are 
used. The depth of plate girder spans is generally taken as about one-twelfth of 
the span. For low truss spans the distance between chords is taken as about one- 
tenth of the span length for 16-ft. roadway and about one-ninth for 18 and 
20-ft. roadways. The depth of high truss spans is made about one-fifth or 
one-sixth of the span length. 

11. Loadings. 

. 11a. Dead Load.—The dead load shall consist of the structure 
complete. Various formulas for estimating the weight of plate girders and low 
truss spans have been proposed. In ‘‘Modern Framed Structures” Johnson, 
Bryan and Turneaure recommend the formula 


w = 0.05L Vp + 50 


for highway bridges with 16-ft. roadways; in which p = the live load in pounds 
per linear foot, L = the length of span in feet, and w = the weight in pounds 
per foot of one truss. w includes the weight of floor beams but not that of 
stringers and slab. The formula can be made to apply to other widths of road- 
way by adding or subtracting an amount per foot equal to 0.2L for each 2-ft. 
change of width. 
11b. Live Load and Impact.—Plate girders and trusses should be 

designed to conform to the Standard Specifications for Highway Bridges prepared 
by the American Association of State Highway Officials. According to these 
specifications live loadings on the roadway of bridges or incidental structures 
shall consist of standard trucks or of lane loadings that are equivalent to truck 
trains. Two systems of loadings are provided, the H loadings and the H-S 
loadings, the corresponding H-S loadings being heavier than the H loadings. 

The H loadings are illustrated in Figs. 65 and 66. They consist of a four- 
wheel truck or the corresponding lane loading. The H loadings are designated 
H, followed by a number indicating the gross weight in tons of the standard 
truck. Each lane loading shall consist of a uniform load per linear foot of 
traffic lane combined with a single concentrated load so placed on the span as to 
produce maximum stress. 

In computing stresses, each 10-ft. traffic lane loading or a single standard 
truck per lane shall be considered as a unit. The number and position of loaded 


360 STEEL AND TIMBER STRUCTURES [Sec. 3-1le 


lanes and the type of loading—truck loading or lane loading—shall be such as to 
produce a maximum stress. 

Loadings for sidewalks are generally specified as 85 lb. per sq. ft. Experience 
has shown that where freedom of movement is possible in a moving crowd of 
people, the load per square foot will not exceed about 40 lb. Cases of intentional 
crowding have been observed where loads of 150 lb. per sq. ft. have been obtained. 
This loading is exceptional, and probably would never be encountered in practice. 
It is possible that in case of accidents in the water near a bridge, crowds near the 
bridge railing might produce loads of 100 lb. per sq. ft. Since the portion 
of the crowd in the rear will be moving about in order to obtain a better view, 
it seems probable that an average load of 85 lb. per sq. ft. over the entire sidewalk 
area will represent maximum conditions. 

Street car loadings are so varied in nature that it is difficult to present typical 
loading diagrams. The structure should be designed to meet the known or 
proposed local conditions. 
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Fie. 65.—Standard H truck loadings. Fig. 66.—H lane loadings. 


. Impact allowances for highway bridges are sometimes determined by means 
of formulas, as in the case of railway bridges. The formula given by the Ameri- 
can Association of State Highway Officials is 


50 


I =F 195% 


in which J = impact stress, S = live load stress, and L = loaded length in feet 
for maximum stress. The maximum value of J = highway loads is 30 per cent. 
lic. Lateral Forces.—Wind pressures on highway bridges are 
generally assumed at 30 lb. per sq. ft. on 114 times the area of the structure as 
seen in elevation, including the floor system and railings. On the exposed surface 
of the truss, it is generally assumed that the horizontal forces for through bridges 
are not less than 150 Ib. per lin. ft. for the top chord, and not less than 300 lb. 
per ft. for the lower chord. (‘These values are reversed for deck bridges.) It is 
also assumed that the wind pressure on the exposed surface of the moving live 
load is 200 Ib. per ft. for highway bridges and 300 lb. per ft. for highway bridges 
carrying electric railway traffic; it shall be considered as acting 6 ft. above the 
roadway. All loads are generally considered as moving loads. 
Centrifugal forces due to electric trains on curved track may be estimated by 
methods similar to those used for railway bridges. 
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12. Design of a Plate Girder Span.—The general methods used in the design 
of highway bridge plate girders are the same as used for the Design of Plate 
Girder Railway Bridges. To illustrate the methods used in highway bridge 
design, the computations will be given for the design of a 75-ft. through girder 
span. It will be assumed that the roadway is 22 ft. wide and that the floor 
system consists of a reinforced concrete slab supported on steel stringers and 
floor beams. The stringers will be spaced 2 ft. 6 in. centers and the floorbeams 
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Fic. 67.—General drawing, 75-ft. plate girder highway bridge. 


will be spaced 12 ft. 2 in. centers, as shown in Fig. 67. A sidewalk 614 ft. wide, 
supported on cantilever brackets, will be placed on one side of the roadway. 
The working stresses used in the design will conform to those given in Stand- 
ard Specifications for Highway Bridges by the American Association of State 
Highway Officials. 
12a. Design of the Floor System.—Two types of floor systems are 
in common use for plate girders. In one system the concrete slab is supported by 
longitudinal stringers which in turn are supported by transverse floor beams. 
In the other system the floor slab is supported directly by closely spaced trans- 
verse floor beams. The latter floor system provides more headroom than the 
former, since the distance from the top of the floor to the lower flange is less when 
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transverse beams are used than it is when stringers and floor beams are used. In 
the design under consideration, the first mentioned type of floor will be used. 

The floor slab will be made 6 in. thick and it will be reinforced with 44 in. 
square rods placed 6 in. centers, as shown in Fig. 67(6). Computations will 
probably show that a 6-in. floor is excessively thick. However, the use of a thick 
slab is necessary, since the wearing surface for the roadway is also provided by the 
slab, 

The longitudinal stringers are to be designed for the dead load due to the 
floor slab and the weight of the stringer itself, and for a live load due to an H15 
loading shown in Fig. 65. Since the floor slab is 6 in. thick, its weight per foot 
of stringer is (14)(150)(2.5) = 187.5 lb. Assuming an 8-in. 21-lb. WF beam 
stringer, the total load per foot is 187.5 + 21 = 208.5 lb. Considering the 
stringer as a simple beam between floor beams, the dead load center moment for 
each stringer is 1<(208.5)(12.17)?(12) = 46,100 in.-lb. The maximum live 
load moment will be found to occur when the rear wheels of the truck are placed 


at the center of the stringer. Proportion of wheel load on each stringer =2 


X 12,000 = 6,000 lb. The live load moment at the stringer center is then 
(6,000) (12.17) (12) 50 8 

4 L +125 
gives more than 30 per cent; therefore 30 per cent is used. The allowance for 
impact is then 219,000 X 0.30 = 65,700 lb. The total stringer moment is 
46,100 + 219,000 + 67,500 = 331,600 in.-lb. Assuming an allowable fiber stress 
of 18,000 lb. per sq. in., the stringer section must provide a section modulus of 
331,600 
18,000 
21-lb. WF beam, and no revision is necessary. As shown in Fig. 67, the stringers 
rest on the top of the floor beam. The stringers are fastened to the floor beam 
by means of two rivets at the end of each stringer. Using similar methods, it 
was found that a 6-in. 12.5-lb. I-beam stringer was required to support a 4-in. 
sidewalk slab under a live load of 80 lb. per sq. ft. At the edge of the sidewalk a 
6-in. 8.2-lb. channel was used. 

The transverse floor beam and the sidewalk bracket form a beam with an 
overhanging arm, as shown in Fig. 67(6). Figure 68 shows the loads in position 
for maximum stress in the floor beams between girders. The live load portion 
of the loads shown is obtained by placing the rear wheels of two trucks over the 
floor beam, This is equal to 12,000 X 4 = 48,000 lb. uniformly distributed over 
20 feet. 

As given above, the dead load per foot of stringer is 208.5 lb. Hence the 
dead load concentration at stringers 2 to 5 of Fig. 68(a) is 208.5 & 12.17 = 2,530 
Ib. For stringer 1, the dead load concentration is due to the weight of the slab, 
part of the curb, and the stringer. This load is found to be about 190 lb. per 
ft., or a total load of 190 X 12.17 = 2310 lb. 

The loads on the sidewalk bracket may be estimated from the details shown 
in Fig. 67(b). At the center of the bracket the dead load due to the 4-in. slab is 
(44 2)(150) (3.25) (12.17) = 1,980 lb. and the stringer weight is (12.5)(12.17) 
= 149 |b., or a total of 2,129lb. At the rail, the dead load concentration consists 


= 219,000 in.-lb. Applying the impact formulaJ = 


= 18.4in.* This is only slightly over the 18 in.* provided by the 8-in. 
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of the following parts: slab (#/2)(150)(14)(3.25)(12.17) = 990 lb.; outside 
channel, (8.2)(12.17) = 97 lb.; railing and brace, 300 Ib.; a total of 1,387 lb. 
The web plate of the bracket has an area of 5.8 sq. ft. and weighs 74 Ib., and the 
flange angles have a total weight of 140 lb. These loads are applied at the center 
of gravity of the several members, as shown in Fig. 68(a). It can readily be 
shown that the resultant of all bracket loads is 3,730 lb., which acts 4.44 ft. from 
the right-hand girder, as shown by the dotted arrow. 

For the loads shown in Fig. 68(a), the reaction at the left-hand girder is 


Ry = 5 [(2)(2,310) + (7)(2,530) + (2,400)(20)] — BTEC) = 34,450 Ib. 


This consists of a live load reaction of 24,000 Ib. and a dead load reaction of 
10,450 lb. 


All loads given in pounds 
(a) 


Fia. 68. 


It will be found that the maximum moment occurs at stringer 5, where dead 
load moment is 10,450 & 11.58 — [(2530)(1) + (2530)(2) + (2530)(3) + (2310) 
4]2.5 = 60,000 ft.-lb. The live load moment is 24,000(11.58 — 5) = 158,000 
‘{t.lb. Impact is 158,000 x 0.30 = 47,400 ft-lb. Total M = (60,000 + 
158,000 + 47,000)12 = 3,180,000 in.-lb. Assuming a 21-in. 89-lb. WF section 
for the floor beam, the dead load center moment is 14(89)(23.17)?(12) = 
71,300 in.-lb. Hence the total moment at stringer 5 is 3,251,300 in-lh. 
3,251,300 : 

18,000 
furnishes a section modulus of 182.8 in.* The assumed beam will be adopted. 
Although the end floor beam carries a smaller load than the intermediate beams, 
the same section will be used for all floor beams. 

In designing the brackets the sidewalk live load of 80 lb. per sq. ft. must be 
applied in addition to the dead loads shown in Fig. 68(a). At the center of the 
bracket, the live load concentration is (3.25)(80)(12.17) = 3,165 lb., and at the 
rail the live load concentration is one-half that at the center, or 1,582 lb. On 
adding these loads to the dead loads shown in Fig. 68(a), we have the concen- 
trations shown in Fig. 68(b). The resultant of all loads on the bracket is found 


The section modulus required is = 180 in.* and the assumed beam 
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to be 8,477 lb. applied 4.38 ft. from the girder, as shown by the dotted arrow in 
Fig. 68(0). 

The bracket section consists of a web plate and flanges composed of two 
angles. At the center of the right-hand girder, the shear and moment carried 
by the bracket due to the loads shown in Fig. 68(b) are respectively 8,477 lb. 
and (8,477)(4.38)(12) = 446,000 in.-lb. The effective depth of the bracket 
section shown in Fig. 67(b) is about 25.3 in. at the point of maximum moment. 


Hence, assuming the moment as carried by the angles, the stress in the flange 
. , 446,000 ; . 17,600 
section is —95 37 = 17,600 lb. The net flange area required is 18,000 ~ 0.98 
sq. in. Assuming 34-in. rivets, the adopted flange section shown in Fig. 67(6) 
provides a net area of 1.94.sq.in. At the point of maximum shear, the web area 


- 


. 8,477 
is about (26.5)(5{¢) = 8.28 sq. in. Hence the shearing stress is aoa = 1,020 


Ib. per sq. in. Allowable shearing stress = 11,000 lb. per sq. in. 

As shown in Fig. 67(c), the bracket is connected to the stiffener angles of 
the main girder by means of rivets which are subjected to shear and moment. 
If the lower flange angles of the bracket are made to bear against the flange angles 
of the main girder, it seems reasonable to assume that the resisting moment for 
the connecting rivets may be computed about a center assumed as located at the 
lower angles. Let r = stress on rivets in top bracket angles. For the conditions 
shown in Fig. 67(c) the top rivets are 24 in. above the lower angles, and 3-in. 
spacing is used for other rivets. Assuming the stress on a rivet to be propor- 
tional to its distance from the lower angles, it can readily be shown that the 

9 

resisting moment of the rivets in place is ai (3? +- 62 -++ 9? + 12? +- 15? + 18? + 
212 + 242) = 158r. As given above, the bending moment on the bracket is 
446,000 in.-lb. Therefore, 153r = 446,000, and r = 2,920 lb., which is the stress 
on the top rivets due to bending. Assuming the shear as carried uniformly by the 
rivets, the shear stress per rivet is E a = 470 lb. Hence the resultant stress 
on the extreme rivet is (2,920? + 470°)’* = 2,950 lb. For the arrangement 
shown in Fig. 67(c), the top rivets are field rivets in bearing on a 5/¢-in. angle 
and the remaining rivets are field rivets in single shear. The values of these 
rivets are respectively 6,320 and 5,950 lb. Hence the stress on the rivets is within 
allowable limits. 

12b. Design of the Main Girders.—The greatest moment under live 
load will be found to occur for the sidewalk loading of 80 lb. per sq. ft. and for a 
uniform load per linear foot of traffic lane combined with a single concentrated 
load so placed on the span as to produce maximum stress. From the A.A.S.H.O. 
specifications the uniform load per linear foot of lane for H15 loading is 480 Ib. 
The concentrated load for moment is 13,500 lb., and for shear the load is 19,500 lb. 

Figures 69(a) and (6) show the loads in position for maximum panel concen- 
trations on the main girders. The dead loads on the main floor beam and the 
total dead and live load on the sidewalk bracket are the same as shown in Fig. 
68(a). As shown in Fig. 67(b), the roadway between curbs is 21 ft. wide. 

The live load consists of a uniform load of 480 lb. per lin. ft. over one-track 
lane of 10 ft., or 48 lb. per sq. ft., and a concentrated load of 2 X 13,500 = 27,000 
lb. uniformly distributed over 20 ft. of floor beam six. These loads are shown in 
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Fig. 69(a). In addition to the dead loads on the main floor beam and the total 
dead and live load on the sidewalk bracket there is also shown in Fig. 69(a) a 
concentrated load of 5,390 lb. applied at the right-hand girder and 2,820 lb. at 
the left-hand girder. These loads are due to the weight of the portions of the 
floor slab and sidewalk live load which 


are carried directly by the main girders, Ss BS 
and to the dead weight of the floor beam, Ss S Dead loads 68 eins 
which is also carried by the main girder. Rls Seeeoe ssc 

The panel loads brought to the main ane Peper y. | ei S 
girders are due to the floor beam reac- 
tions for the loads shown in Figs. 69(a) § *-—————2/7—_—_+ 
and (b). For the loading conditions Oo piace) 
shown, reactions R; and R, are unequal. ie errs 
The right-hand main girder will there- 


fore receive greater loads than the left- Po —**2eersa.th 
hand girder, and it should be made '’——23/7-—_+ 


somewhat stronger. However, it will Cut-off (6) Paice 
probably be best to make both girders Escalehte resistance curve 
alike, using the section required for the — ] 


right-hand girder. 


For the dead loadings shown, R2 = 


Bendiing..---- 
; moment curve 
14(2 X 2310 +7 X 2530) + 5,390 + 


- 2 55 
ee) 25.450 Ih. This load is | | 


23.17 
the panel load for the right-hand girder UW I I TORmST ul I 
due to the dead loads. The dead weight Rk —~ 6 Panels @/2!2"= 7340” Ro 
of the girder must be added. For girder (c) 
spans of this type, the dead weight of Fig. 69. 


the main girders in pounds per foot per 
girder is given approximately by the formula w = 160 + LZ, in which w = 
weight per foot and L = span in feet. Where the girder supports a sidewalk of 
the kind shown in Fig. 67, this weight should be increased 25 per cent. Hence, 
‘panel load due to weight of girder = (54)(160 + 75)(12.17) = 3,650 lb. The 
total panel dead load is then 26,650 + 3,650 = 30,300 Ib. 

(48 X 12.17)20 XK 12.08 


For the live loadings R2z = 93.17 = 6,100 lb. This is a 
4 27,000 X 12.08 . ete 
panel load for each panel point. Rz = —— 9318 = 14,100 lb. This is 


the excess load to be placed at c, the center panel point. Maximum dead load 
moment at the girder center is 30,300 [(5¢)(3) — (1 + 2)]12.17 K 12 = 19,900,- 
000 in.-lb. Maximum live load moment at the girder center is {[(6,100 « 5g 
+ 14,100 X 4) X 3 X 12.17] — (6,100)(1 + 2)(12.17)}12 = 7,100,000 in.-Ib. 


50 
Moment due to impact is 7,100,000 x 73 + 125 = 1,800,000 in.-lb. Total 


moment is 19,900,000 + 7,100,000 + 1,800,000 = 28,800,000 in.-lb. The com- 
plete moment diagram is shown in Fig. 69(6). 

The maximum shear in the end panel occurs when all the panels are loaded 
with dead load and uniform live load and the excess live load for shear is at the 
first panel point. 
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Dead load shear is 30,300 « 54 = 75,500 Ib. 
Uniform live load shear is 6,100 * 54 = 22,300 lb. 


19,500 X 2 x 12.08 1 5 _ 16 950 Ib, 


Excess live load shear is 


23.18 6 
Total live load shear is 22,300 + 16,950 = 39,250 lb. 
? ~ 50 ae 
Impact shear is 39,250 73-4 125 9,900 Ib. 


Total shear is 75,500 + 39,250 + 9,900 = 124,650 Ib. 

The depth of the main girders will be taken as one-twelfth of the span length 
or 75 in., to conform to the depth requirements stated in Art 10, and the flange 
angles will be placed 7514 in. back to back. To carry the end shear of 124,650 lb., 
as calculated above, the web area required is 70 a - 11.4 sq. in. Usinga 
l-in. web plate, which is the minimum allowable by A.A.S.H.O. specifications, 
the web area furnished is (75)(14) = 37.5 sq. in. 

A flange section consisting of two 6 X 6 X 5¢-in. Pr and one 14 X 5¢-in. 
cover plate will be assumed. Assuming 34-in. rivets, and deducting two rivet 
holes from the plate and two from each angle, the flange area is as follows: 
Cover plate, gross area 8.75 sq. in.; net area 7.65 sq. in.; angles, gross area 14,22 
sq. in., net area 12.02 sq. in. If one-eighth of the web area be considered as 
available net flange area, the total available flange on the tension side is 7.65 + 
12.02 + (3%)(75)(14) = 24.35 sq. in. 

The center of gravity of the assumed flange section is found to be 0.96 in. 
inside the backs of the angles. Hence the effective depth of the girder section is 
75.25 — (2)(0.96) = 73.383 in. Therefore, the required net area of the tension 
flange is 

28,800,000 


(73.33) (18,000) — 21.8 sq. in. 


The assumed section is sufficient with respect to the tension flange. For the 

compression flange, it is generally specified that the stress on the gross section 
saa , 

shall not exceed 18,000 — 5 jp» in which / = unsupported length of top flange, 


and 6 = width of cover plate. As shown in Fig. 67, the top flange is supported 
at each floor beam by knee braces. Hence / = 12.17 ft. = 146 in. Also, b = 
14 in., the width of cover plate. Hence the allowable unit stress is 18,000 


146)? 
oN i = 17,450 Ib. per sq. in. Assuming one-sixth of the web as available 
compression flange area, the total gross flange area is 8.75 + 14.22 + (36)(75)(44) 


2 
= 29.22 sq. in. Hence the unit flange stress is Eno = 13,400 lb. per 


sq.in. The assumed flange section is therefore satisfactory. 

As shown in Fig. 67, the compression flange cover plate will be run full 
length of the girder. The allowable cut-off point for the lower flange cover plate 
is shown in Fig. 696. This cut-off point is determined by the methods used on 
p. 304 for the railway plate girder span. 

The rivet spacing in the flange angles and cover plates may be determined by 
the methods used for the railway girder spans. Since there is no vertical loading 
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on the flanges, eq. (5), p. 307 is to be used in determining rivet pitch in the 
vertical legs of the flange angles. 

End stiffener angles must be provided which will transfer the total end reac- 
tion to the bearings. The maximum reaction occurs when the uniform live load 
extends over the entire span and the concentrated live load is at the end of the 

; . 19,500 K'2 & 12:08 
span. The concentrated live load is Se 1 = = 20,3001b. Then the 
end reaction =(3 X 30,300) + (3 X 6100) + 20,300 = 129,500 lb. The allow- 
able bearing pressure on the foot of the stiffener angles is generally taken as 
27,000 lb. per sq. in., and only the outstanding legs of the angles are to be counted 


, : ‘ 129,500 ; 
as bearing area. Hence, stiffener area required = 27.000 ~ 4.8 sq. in. The 
? 


arrangement shown in Fig. 67 provides excess area. Intermediate stiffeners 
composed of pairs of 5 X 3 X 5{¢-in. angles will be used, arranged as shown in 
Fig. 67. Stiffeners must be placed at each floor beam to provide means for 
connecting these beams and the sidewalk brackets to the main girders. 

A web splice of the form shown in. Fig. 67 (d) will be located in the position 
indicated in Fig. 67 (a). In designing a splice of this form, it is assumed that 
plate A carries the vertical shear at the splice and that plates B must be capable 
of developing the resisting moment produced by one-eighth of the web area con- 
sidered as flange area. At the left of the splice the maximum shear will occur 
when the uniform live load is on the panels to the right and the concentrated 


5 61001 +2+4+3+44 
live load is at the splice. The shear is [ 30,300 x 5 fo sro Frat + 
20,300 5 — 30,300 = 69,300 lb. The rivets connecting plate A to the web 
are in bearing on a }4-in. plate and have a value of 10,150 lb. per rivet. Hence 
69,300 


10.150 = * rivets are required on each side of the splice. The rivets shown in 
? 


position in Fig. 67 (d) are in excess of the number required. Not less than two 
vertical rows of rivets should be provided on each side of the splice. 

One-eighth of the web area is (14)(75)(14) = 4.69 sq. in. Considered 
as flange area, the equivalent resisting moment is (4.69)(73.33)(18,000) = 
6,160,000 in.-lb. For the arrangement shown in Fig. 67 (d) the distance center 

4 7 ; . 6,160,000 
to center of plates B is 54.25 in. Hence the stress in each plate is a co 
114,500 lb. The rivets connecting plates B to the web are in bearing on the 14-in. 
web. At the edge of the web plate these rivets have a value of 10,150 lb. per rivet. 
Since the stresses in the web plate vary from a maximum value at the edges of the 
plate to zero at the center of the plate, the rivet values are subjected to a similar 
variation in value. Hence the value of a rivet at the center of plate B is (10,150) x 
54.25 114,500 ; A ; 
tare = 7,500 lb., and ( 7,500 ) = 16 rivets are required on each side of the 
splice. The area furnished by plates B must be at least equal to one-eighth the 
web area. Plates of the minimum allowable thickness will be found sufficient. 

The adopted end bearing details are shown in Fig. 67 (e). One end of the 

girder rests on a rocker bearing and the other end is bolted to the masonry. 
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— 13,000 
The allowable bearing pressure per inch of rocker is equal to erie x 600d, 
where d = diameter of rocker in inches and p = yield point in tension of steel in 
the roller or the base, whichever is the lesser. Assuming a rocker with a 10-in. 

. 33,000 — 13,000 
radius, the allowable bearing pressure is ——90.000 ~* 600 & 20 = 12,000 
lb. per sq. in. As calculated above, the total end reaction is 129,500 lb. and the 
129,500 ; ; 

length of rocker required is 72.000 = 10.8in. A 14in. rocker willbe used. All 
details are as shown in Fig. 67 (e). To transfer the reaction to the masonry, 
assuming the allowable bearing pressure on the masonry to be 700 Ib. per 


129,500 
sq. in., the area of the masonry plate must be a = 185.0 sq.in. A 12 X 


16-in. plate will provide sufficient area. 
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Fie. 70.—General drawing, 65-ft. highway bridge span. 


13. Riveted Low Truss Highway Bridge.—Figure 70 shows the general draw- 
ing for a 65-ft., riveted, low truss highway bridge span. A 20-ft. roadway and a 
5-ft. sidewalk are provided. This is a 2-ft. narrower roadway than permitted 
by the 1941 Standard Specifications for Highway Bridges of the A.A.S.H.O. In 
order to comply fully with these specifications, the live load should consist of a 
standard H truck loading or H lane loading. The working stress for tension 
members should be 18,000 Ib. per sq. in., and the shearing and bearing stresses 
for rivets 13,500 and 27,000 Ib. per sq. in. respectively. The allowable working 
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stress for compression members should be computed from the formula 15,000 — 
| eed i L 
ip subject to the condition that > must not exceed 140, 


Since the general methods used in the design of the floor system are the same 
as given in Art. 12a for the plate girder span, this work will not be repeated here. 
Note that the sidewalk bracket is connected to the main truss by rivets in the 
vertical connection angles, which carry the shear, and by a horizontal gusset 
plate which is riveted to the lower chord angles. This gusset plate places the 
connecting rivets in bearing and avoids the use of rivets in direct tension. 

The stresses in the main truss members will be determined for the truss which 
supports the sidewalk. Both trusses will be made alike. For the conditions 
shown in Fig. 70 (6) it can be shown that the panel load due to the dead weight 
of the floor system is 11,730 lb. The sidewalk and its supports weigh 4,570 lb. 
per panel. This load may be considered to act 3.1 ft. outside the truss center. 


24.5 
Hence the panel load at the truss due to the sidewalk dead load is (4,570) a 


5,230 lb. The panel load due to the weight of the floor system is 16,960 lb. 
The dead weight per foot of truss may be estimated from the weight formula given 
in Art. 11a or by the formula w = 120+ 0.5L. Using the latter formula for a 
truss with a 20-ft. roadway, w = 120 + 0.5L = 120 + (0.5)(65) = 152.5 |b. 
This load should be increased about 20 per cent to account for the presence of 
the sidewalk. Hence truss dead panel load = (1.2)(152.5)(13) = 2,380 Ib. 
Total dead panel load = 19,340 lb. 


TaBLe 21.—Srresses IN MemBEeRS 


Member Dead load stress Live load stress | Total stress 
Loli + 36,000 + 36,700 + 72,700 
IL. + 89,900 + 91,600 +181, 500 
LL; +107 ,800 +110,000 +217 ,800 
UiU2 — 72,000 — 73,500 — 145 ,500 
U2U3 —107 ,800 —110,000 — 217,800 
oY OF — 52,700 — 53,900 — 106 , 600 
UW + 52,700 + 53,900 +106 , 600 
L102 — 26,350 — 32,300 — — 58,650 
U2L2 + 26,350 + 32,300 + 58,650 
LU; 0 + 16,150 + 16,150 

+ = tension — = compression 


The live load to be used in designing the truss is a uniform loading representing 
ordinary traffic conditions. The load varies with the span length and for a 65-ft. 
span is taken as 112 lb. per sq. ft. of floor. Hence the truss panel load due to 
live load on the highway floor is (}4)(112)(19)(13) = 13,850 lb. The sidewalk 
load is 80 Ib. per sq. ft. Considering the effective width of the sidewalk as 6 ft., 
the sidewalk panel load is (5)(80)(13) = 5,200 lb. If this load be assumed as 
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applied 2.8 ft. outside the truss center, the panel load at the truss due to the side- 


walk load is (5,200) ‘Gr = 5,880]b. Hence the total live panel load is 19,730 


lb. Table 21 gives the dead load, live load, and total stresses in all members of 
the truss for these panel loads. 


TABLE 22.—DrsiGn or TENSION MrmMBERS 


Rivets at joints 
Area Secti Net 31636 
required oes provided | Rivet | Number 


value | required 


Member | Stress 


| 5,300 20 


Uily 106,600; 6.67 {285X3%X} wn. 7.18 
Uxle 58,650} 3.67 |2l 4X3 X % in. 4.10 | 5,300 12 
Loli 72,700) 4.55 |4 8 3 X 234 X Ke in 5.44 | 5,300 14 
LiL, 181,500) 11.35 |4l8 4X3 xX % in. 13.76 

48 4X3 xX % in 13.76 


LL | df ids 13.60 


Tables 22 and 23 contain all data necessary for the design of the main truss 
members. The allowable working stress for tension members is taken at 16,000 
Ib. per sq. in. on the net section. The allowable working stress for compression 


members is computed from the formula 15,000 — 50 subject to the conditions 


that : must not exceed 120 and that the allowable working stress is not to exceed 


12,500 lb. per sq.in. In computing the rivets required at the joints, the shearing 
value of a rivet is taken at 12,000 lb. per sq. in. and its bearing value at 24,000 lb. 
per sq. in. 


TaBLE 23.—DeEsicn or Compression MrmBers 


Rivets at joi 
Work- | Area | Area oe ahedee 
Member | Stress rf r ing re- Section pro- Kiivet) | Ducaber 
stress | quired vided Z 
value | required 
LoV1 106, 600}114.5]3.15) 12,500) 8.52 | 2 & S-in. 11.5 Ib. 11.39 | 5,300 20 
1 plate 15 X %@ in. 
DU. 58, 650)114.5/1.25) 10,370} 5.66 |2 i 4 X3 X Ke¥ in. 5.76 | 5,300 12 
LV 3 16,150)114.5]1.11] 9,860} 1.64 |2 jp 344x 2 X Sein.| 3.56 | 5,300 4 
GLOs 145. SOO TS Gio. pemesead es anlar pame ag UsUs, 6 © Wicouwas 5,300 28 
U2U3 |217,800} 78.0/3.03) 12,500] 17.40 | 2 © 8-in. 18.75 lb. 17.58 
1 plate 15 X }4¢ in. 


Since a truss of the size under consideration may readily be transported to 
the bridge site in a single piece, all main truss joints have been made shop riveted, 
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A top chord shop splice is placed at joint Uz. Such splices have milled bearing 
surfaces, and only enough rivets are required to hold the members in line. The 
lower chord member is spliced just to the left of joint L,. As shown in Fig. 70, 
members Lil2 and LL; are made continuous. This provides excess area for 
member Ll, but avoids the splicing of the member. The splice as located 
occurs where the chord stress is smallest. 


SECTION 4 


TIMBER BRIDGES AND TRESTLES 


1. General Considerations.—The only excuse for a timber bridge is that it is 
cheaper than some other form of construction. It is less durable than either 
steel or masonry. It cannot be built in as long a span as steel. It is the least 
resistant to fire of any type of construction. It has, however, the advantage of 
cheapness for ordinary loads and spans, and as timber is usually found in abun- 
dance in new localities, it is made use of for the earliest of the bridges to be 
built. As these new localities in the early days did not need to provide for the 
heavy loads of the present day, the problem of building a timber bridge was a 
comparatively simple one. The loads were light; no excessive length of life was 
looked for; cast iron was usually not available for bearing blocks; and timbers 
long enough for chords without splices could be had. The problem was merely 
one of framing the timbers into each other and bolting up, and then tightening 
the tension rods until the desired camber was obtained. With the advent of the 
locomotive, the timber bridge began to require careful study and there was devel- 
oped the cast-iron bearing block for all joints, the stiff lateral system, the multiple 
piece chords and webs, the steep diagonals and numerous counters, and other 
details that are now the earmarks of sturdy Howe Truss design. 

Until very recently highway loadings were not studied with any seriousness. 
Most of the old timber bridges would stand the load of a 10- or 12-ton traction 
engine without failure and the old methods were considered good enough. For 
this reason, it is very hard to bring bridge builders of the old highway school to 
realize the necessity for the immense amount of lumber employed in a wooden 
bridge capable of carrying the present day traffic. 

An analysis of the details of almost any wooden highway bridge over 20 years 
old will disclose conditions of stress that make it difficult to understand why it 
has not failed years ago. There are two answers: (1) That the computed load 
has probably not been realized, and (2) that the ultimate strength of the timber is 
better than anticipated. The most convincing argument against the older 
types of wooden highway bridge construction is usually a comparison of the pres- 
ent day highway loadings with the early locomotive loadings. It is seen that the 
heavy motor truck of today is as heavy as the railway engine of the early days 
and that the axle loading is as heavy as an ordinary electric interurban car of 
today. It is this greatly increased weight that calls for a far more careful con- 
sideration of the details of the wooden highway bridge than was customary a 
few years ago. The tendency of the wooden highway truss is more and more 
toward the old railroad Howe truss with certain modifications of width, height 
and panel length to suit the different class of traffic. 

The actual selection of the sizes of the truss members is by far the smallest 
part of the work of designing a timber bridge. It is the careful working out of 
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the joint details and those of the splices and bracing that make the difference 
between a bridge which will be rickety and loose-jointed in a few years and one 
which will endure for a generation or more. 

This attention to detail and consideration of heavier loadings has increased 
the cost of the timber truss bridge to such an extent that the steel truss bridge 
can usually show a very nearly equal first cost when the bridge is to be located 
near a railroad or other adequate means of transportation, allowing the mate- 
rials for the steel bridge to be delivered at the site with a minimum of handling. 

There are bridges to be built, however, where the loads are light and where 
lumber and timber is cheap and in these localities the timber bridge will continue 
to be the best type. When properly protected from climate and other deteriorat- 
ing influences it has a very long life. 

The foregoing paragraphs refer to the truss bridge in particular. The 
trestle bridge of timber has always and will doubtless continue to be far cheaper in 
first cost than any other type—even when built amply strong for today’s loadings 
and given an ornamental treatment in keeping with the rest of the structures 
along the highways. It has been repeatedly demonstrated that a first class 
timber trestle can be built, maintained and replaced every 15 years (the estimated 
life of such a structure) for less than the interest on the investment required to 
build a truly permanent structure such as a concrete viaduct. 

Very careful study should therefore be given to the question of whether a 
wooden bridge or some other type should be built at a given location, and if it is 
decided that the wood is preferable, there are several very important considerations 
which the designer should keep in mind in order to have a proper conception of 
the broader aspects of his problem. 

2. Factors Affecting Design and Construction.—The basic idea which must 
be borne in mind by the designer of timber structures is that the material with 
which he is working will be subject, after its erection, to deteriorating circum- 
stances over which he can have no further control. 

In the case of masonry and metal structures, resort may be had to protective 
coatings which will prevent the elements from damaging the structural properties 
of the materials employed. The close inspection and frequent painting of 
- exposed steel work will preserve the original size and strength of the members, 
and therefore prolong the life of the structure indefinitely. Concrete and stone 
structures are not subject, in so great a degree, to the action of the weather and 
if they do spall or show signs of weathering, the use of the Cement Gun will very 
readily restore the original section and strength. , 

In the case of structural timbers, there is no certain method of preventing season 
checks and even the prevention of warping due to the seasoning is beyond control. 
The fact that specifications for timber structures call for the use of thoroughly 
seasoned timbers, does much to reduce the liability of trouble from this cause, 
but does not relieve the designer of the responsibility for making provision, as 
far as possible, against the failure or deterioration of the structure as a result of 
checking or warping due to seasoning. Probably the most important factor in 
the above phenomena is that wood unlike almost any other structural material 
does not have the same strength in all directions. In other words, the wood has a 
grain which requires that the timber must be placed with the grain in a certain 
direction to gain the most benefit from the material. This appears so elemental 
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and self-evident as to be ridiculous when applied to long timbers, but it must be 
borne in mind that small blocks of wood form a very important part of every 
timber bridge and it is very difficult to impress the ordinary workman with a 
proper appreciation of the stress that may come upon these small but all- 
important portions of the structure. 

It is this grain that allows abutting ends of compression members to seat 
themselves into each other, thereby causing a shortening of the original length 
and perhaps asaginatruss. It is the grain that causes edge grain bridge flooring 
to wear longer and sliver less than slash or side grain. It is grain that tells 
whether a given size spike will split a board when driven, or go through and hold. 
It is on account of the grain that boat spikes are made with a chisel point to be 
placed across the grain so that they cut the fibers of the wood instead of spreading 
them and splitting the piece. The fact that wood is composed of longitudinal 
laminae of alternate hard and soft wood, causes timber to shrink more across the 
grain than endwise. These same alternate hard and soft streaks, called summer 
and spring wood, give a cushioning effect under loads above the elastic limit 
which are transverse with the grain, thus preventing sudden failure and allowing 
the timber to crush slowly and carry greater load. This same slow crushing, 
accompanied by separation of the fibers through longitudinal.shear, makes it 
impossible to determine accurately the shearing strength of timber at right angles 
to the grain. 

Timber, therefore, as a structural material must be so placed that its greatest 
stress is with the grain. As all structures with rigid joints are subject to second- 
ary stresses, a structure of wood should always be considered as pin-jointed. This 
does not mean that pins should be used in the construction, but that the structure 
should be so detailed that slight angle changes will not induce secondary stresses. 
It is, of course, impossible to eliminate entirely the secondary stresses from the 
chord members as they are continuous past the panel points and must take 
bending due to the angle changes from distortion. The use of the angle block 
or dapped end for the intersections of the web members permits them to rock 
slightly on their bearing without taking bending. This action eliminates the 
secondary stress in the web members and lessens the secondary stress on the 
chords. In localities where only small boards are obtainable, an attempt is some- 
times made to build truss members of laminated plank and imitate riveted joints 
at the connections. This is frequently disastrous as the small angle changes due 
to deflection of the truss tend to pry the fibers of the wood apart around the bolts 
and the whole value of the connection is then lost. Figure 1 represents a joint 
of this type which gave way under ordinary load, allowing the end post to push 
out along the top of the chord and the chord to pull out from the fish plates. 
Laminated timber can be successfully used for trusses where protected from the 
weather, but extra care should be taken to see that the details are not weaker than 
the main members. 

In addition to the above basic idea, there are several other important con- 
siderations which are more or less under the control of the different persons who 
will be connected with the production of the material, the design, fabrication, 
erection and finishing of thestructure. The deeper the appreciation of the designer 
for the problems of these different processes, the greater are the chances that the 
resulting structure will be consistent in design, low in first cost and in main- 
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tenance, and possessed of the long life that should be an inherent part of every 
timber structure. 

These different considerations are so inter-related and dependent, one upon 
another, that any attempt to assign them a relative importance would be almost 
certain to give the reader a false perspective of the problem. For clearness of 
presentation, the points will be grouped as nearly as possible under the heads of: 
(1) Materials, (2) length of life desired, (3) nature and extent of loads to be 
carried, (4) skill of available labor, (5) equipment available for erection, (6) 


Side View 


method of erection likely to be followed, and (7) deteriorating conditions at 
bridge site. These considerations are of such a nature that all of them are 
applicable to the study of any type of timber construction. They will, therefore, 
be taken up in turn and elaborated upon in this article and then referred to in 
the succeeding detailed portions of the chapter wherein the different kinds and 
types of timber bridges are treated.! 

The discussion under the first three headings should be considered as an out- 
line of the causes affecting the selection of the unit stresses to be used in the 
design. The kind of timber selected, its condition at the time of framing, the 
thoroughness or lack of inspection during its manufacture, the purpose to which 
the resulting structure is to be put, the nature of the loads it will be called upon 
to sustain—are all items affecting the selection of the proper safety factor, and 
through that safety factor combined with the experimentally determined ultimate 
strength of the material in question, dictating the permissible unit stresses to 
be used. As such, they should be considered previous to the starting of the actual 
design. The questions which have a direct bearing upon the actual details and 
method of framing employed to secure the finished result are such as the skillful- 


There are numerous other considerations which bear upon the problems of selecting, 
designing, building and maintaining a timber structure at any given location. Insofar as 
they are inseparably dependent upon the nature of the materials used, an attempt will be 
made to mention them, but when they are applicable to all types of construction of masonry, 
wood or steel alike, they have no particular place in this chapter and consequently will not 
be dwelt upon. Included in this elimination will be such questions as waterway area 
required, possibility of bank erosion and protection therefrom, considerations affecting the 
selection of a skew bridge in preference to a square crossing or vice versa, and kindred 
problems, 
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ness of the available labor, the kind of equipment with which it will be necessary 
to do the work, the method of erection most likely to be used, and the climatic 
or other deteriorating influences which surround the structure. 

2a. Materials—The designer must know first what species of 
timber is to be used for the main members, and secondly, the kind of material to 
be used in making the joints and fastenings. If the joints are to be framed with- 
out the use of metal angle blocks, it may still be possible to obtain and use angle 
blocks of some denser wood and, failing in this, the joints may be framed advan- 
tageously by using blocks of the same wood of which the structure is framed and 
turning the grain of the block in such a direction as to materially increase the 
strength of the joint. Lowest in point of strength is the oldest type of framed 
joint—that is, the one in which the intersecting main members are framed into 
each other on the angle and without recourse to any device for increasing the 
strength of the detail. 

Knowing the species of wood to be used, the question of the condition of the 
wood at the time of fabrication becomes important. Green timber will shrink, 
lose weight, crack, warp and check due to seasoning, and all of these phenomena 
should be considered in the preparation of the design. The available size and 
length of individual pieces often plays a large part in the selection of panel lengths 
in truss bridges and spans of trestle bridges. It may be possible to obtain sawed 
timbers only in short lengths in a locality where hewed chord pieces can be had 
in extremely long lengths. These are questions which vitally affect the selection 
of the economic type of bridge for a given location. The availability of first 
class inspection is a guarantee that only fit material will be used in important 
parts while the lack of inspection forces the designer to take extra precautions 
in regard to the factors of safety used and, on account of the probability of inferior 
material, prevents his taking advantage of the full strength of what first grade 
material might find its way into the structure. 

2b. Length of Life Desired.—Knowing the species of timber to be 
used for main members, its condition at the time of fabrication, the probabilities 
for and against it being first or second grade, and the kinds of materials to be used 
for details, the next question is whether or not the extreme life of the wood must 
be realized in the finished structure. If it is to be a trestle or truss on a highway 
or railway, the longest possible life is desirable from each and every piece of the 
finished work. On the other hand, if the structure is to be of a temporary nature, 
such as the falsework for a steel or concrete structure, the life of the structure or 
its individual parts is of secondary importance to its strength as first erected. 
Higher unit stresses are permissible in temporary structures on account of the 
fact that there is less danger of season checks or unforeseen loads injuring the 
structure and the danger from deterioration is practically negligible except in 
certain localities where the action of wood boring insects must be guarded against, 
as in the case of temporary trestles in teredo or limnoria infested waters. 

2c. Nature and Extent of Loads to be Carried.—The extent to which 
the unit stresses for design may be increased on account of the nature of service 
desired from the finished structure depends, of course, upon the relative length of 
service desired as compared with the extreme limit of life of the timber under 
consideration. The usual factor of safety for long-life construction is four for 
housed or otherwise protected structures, and five to six for structures unpro- 
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tected from the action of the elements. The factor of five is common for highway 
construction and open frame structures such as wharves and docks, while railway 
and other heavily loaded structures, especially where failure would endanger 
human life, usually call for a safety factor of six as well as a very much more rigid 
inspection at the saw mills and during framing and placing. In the case of highly 
temporary structures, this factor may be reduced to three in general, and some 
parts of the details even allowed to work very close to their elastic limit when it 
can be shown that partial failure will only result in bringing more material into 
play, thus preventing further or complete failure. An exception to this rule 
should be noted in the consideration of forms and falsework for concrete con- 
struction where deflection under the load of wet concrete is the controlling factor 
in many cases. But even in this class of construction, considerably higher unit 
stresses are permissible when the deflection 
of the piece is not of importance as related 
to the whole structure. On p. 380 is given 
the Table of Allowable Unit Stresses for 
Structural Timber, and on p. 381 is given 
the Table of the Allowable Unit Stresses for 
Structural Timber Columns as given by the 
Forest Products Laboratory, Department of 
Agriculture. The strength of wood is in- fae 
fluenced considerably by its moisture con- 
tent. For wet locations the allowable working stresses should be reduced 
according to conditions and timber used. Recommendations covering specific 
cases may be obtained from the Forest Products Laboratory. 

2d. Skill of Available Labor.—The more skillful the labor which can 
be obtained, the more intricate may be the details of framing employed and, 
conversely, the less skillful the labor, the simpler must be the joints. The great- 
est difficulty is always encountered in framing a joint whose value is dependent 
upon two or more separate steps coming into play at the same time. This detail 
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should be avoided wherever possible, and where unavoidable, should be made by 
the most skilled bridge carpenter obtainable. The best known examples of this 
class of framing are the end post and lower chord joint in a Howe truss (Fig. 2) 
and the multiple tabled splice plate for tension (Fig. 3). A very simple joint 
and one that requires a minimum of exactness in its execution is that shown in 
Fig. 4. It can be detailed to give fully as low stresses as the one shown in Fig. 2, 
and has the advantage that only one surface need bear to bring the block into full 
play. It will also be noted that all cuts on the main members are square cuts and 
that there are no diagonal re-entrant cuts to make on the truss members or on 
the blocks. Such cuts are not too difficult for the ordinary laborer and can be 
satisfactorily employed where a competent foreman is on hand to supervise the 
work, 
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While the joint shown in Fig. 2 is sometimes permissible in cases where high 
class carpenters are available, it is only because the partial failure of one surface 
will bring both to bear and perhaps prevent further breaking down. In the splice 
joint of Fig. 3 is shown a detail that has been very commonly used by bridge 
carpenters for splicing lower chords. It is extremely difficult to frame such a 
splice in a manner that will bring all surfaces tight at the same time and even if so 
framed, it is still subject to the criticism that it is prone to crack with seasoning 
and the tables fail to develop their expected shear. It is very probable that a 
tightly bolted plain timber as in Fig. 5, would develop as great a tensile value 
through friction of the adjacent pieces as the season checked pieces of the one 
in Fig. 3 after both had been in service for a number of years. (Figure 5 is a 
typical compression splice in a top chord of two pieces. It is merely introduced 
here to be used as a comparison with Fig. 3.) 


cso eZ a = 
SS 2ae=eS— 
Fia. 4. Fia. 5. 


2e. Equipment Available for Erection.—The question of erection 
equipment will determine the method to be followed in framing the truss— 
whether it is to be completely assembled flat and raised into place as a whole, or 
whether the floor beams will be strung out along the false work, the bottom chord 
laid on them, the top chord set on false work and the web system cut in between. 
If the truss is to be assembled flat and raised, the floor beams will very likely be 
rested on the bottom chord, thus calling for more distance between chords to 
secure the same clear height for the roadway. If on the other hand, the bottom 
chord is to be placed on the floor beams which are made part of the false work, 
the floor beams must be supported below the chord either by hanging them to 
the main rods, or by devising a separate fastening for them. The erection equip- 
ment will in many cases determine the size of timbers which can be used. Where 
ample power is available, quite large timbers can be used to advantage, but where 
all work is by hand, it may prove more economical to use smaller pieces and more 
of them. 

2f. Method of Erection Likely to Be Followed.—The question of 
method to be followed in erection is one about which little concern need be felt 
in the designing office of the ordinary firm where nothing can be known of the 
erector until after a contract is let. For purposes of obtaining the desired cam- 
ber, it is essential that the designer know the method to be followed or else 
leave the whole camber question to the erector, merely specifying the result 
desired. If the old established rule of 14-in. increase in length per each 10 ft. 
be applied to the top chord, the exact lengths of the diagonals must be computed 
and put on the drawings. This will not even then give the desired result unless 
the distance from the intersection point of the members to the face of the diagonal 
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timber is exactly right—a condition rarely obtained when using cast-iron blocks 
and well nigh impossible when using a framed joint of the style of Fig. 1. Again 
if the erector is in the habit of erecting the top chord on falsework and cutting 
the diagonals into place by a template, no extra length of top chord is necessary 
because he will set the bottom chord to the correct camber and having cut in the 
diagonals to fit snugly, will raise the bridge clear of the blocks by tightening on 
the tension rods, thus taking up the dead load. These questions are merely 
mentioned here to impress the reader with the fact as 
before stated that the designer must know the erection 
methods and equipment to be used in order to 
design intelligently any wooden structure. 

2g. Deteriorating Conditions at Bridge Site. 
The question of location and deteriorating conditions 
attendant thereon is one of vital interest to the designer. 
Some classes of wood as well as metals have peculiar 
properties, allowing them to resist certain influences 
which readily destroy other woods. Again some woods 
which readily decay under certain circumstances will be 
rendered very durable by certain preservative treat- 
ments. In the third place, it is possible to lessen the 
deterioration of the structure as a whole by substituting 
more durable woods at vulnerable points and using 
ordinary timber for the greater parts of the structure. 0 Oana G0 B00 
The need of such protection as sheet metal fire and Angle 6 in degrees 
smoke guards where railways pass under wooden Fé. 6.—Inclined bear- 
viaducts is too self-evident to call for more than mention. ne ae 

These questions, again, are briefly brought out here in order to summarize the 
controlling points in design for the benefit of the reader and will be discussed 
under the different sections of this chapter as they apply to the questions under 
consideration. 

Following are the U.S. Forest Products Laboratory tables of Allowable Unit 
Stresses for Structural Timbers. For a table of the ultimate values of different 
' woods, the reader is referred to the Wood Handbook prepared by the Forest 
Products Laboratory, U.S. Department of Agriculture. 

It will be noted thet the compression perpendicular to the grain is roughly 
one-fourth of that parallel to the grain for short pieces. It naturally occurs that 
for angles of bearing between 0 and 90 deg. there must be decreasing values 
that depend upon the angle to the grain at which the load is applied. Extensive 
tests have been made and much has been written on the subject, several different 
empirical formulas having been established for determining this bearing value on 
inclined surfaces. One of the more recent of these is the Hankinson formula 
(U.S. Army, Engineering Division) which is 


eee eee 
P sin? 0+ Q cos? 6 


In the formula N = the allowable unit stress on the inclined surface, P = the 
unit stress in compression parallel to the grain, Q = the unit stress in compression 
perpendicular to the grain, and @ = the angle between the direction of the load 
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Taste 1.—AxLLowaBLE Unir Srresses ror SrRucTURAL TIMBER? 
(Pounds per Square Inch) 


Species of timber 


EB Ar WeBTODI:, LOCic-. 5.510 1, <4)5,6.swreinye ve ous 
Cedar, northern and southern white.... . 
Gear ie orb. Orrord.s.y.-deecce sce sees. 
RI LL BRS o. 2s once inet rola g-ttae dete Baa Sie 


(Gy preRs, BOWSNOMN: vs cta/s iste :stecele'e acts aie see 


Douglas fir, Coast region (western Wash- 
ington and Oregon). 


Douglas fir, Rocky Mountain region... . 

CSE ANAISEDETS rr k a: Metaxeh evil org oe ene areen wate es 

Fir, golden, Noble, silver, white (commer- 
cial white). 

Bemlock, west coast..<cscsscscsscassese 

Hemlock. GAStern..<s% vc salu won «erclne Se 


UAT OL: WEBPOLTL aici: ours oA ws's 4's eo ete ee 


Oak, commercial white and red......... 


Pine, southern: yellow. .0c.0cssm eee dees 
Pine, California, Idaho and northern 


white, lodgepole, pondosa, sugar, west- 
ern yellow, 


TO GEOL CR cinta shin ae vaasiRcATe § bis @.8ibse Sas 
UNGUWOOG OE ware sieins AGN Bo sabtcbhaey hae 
Spruce, red, white, Sitka.......se00sess 
Spruce, Englemann..... 


LU AIDETAGK, GABLOLIN ste-v.t.vsiv sve “ty alate ear 


The strength of wood is influenced considerably by its moisture content. 
allowable working stresses should be reduced according to conditions and timber used. Recommenda- 
tions covering specific cases may be obtained from the Forest Products Laboratory. 

1 Taken from ‘Steel Construction,’ 1940, American Institute of Steel Construction. 


Bending stress 


Compression 


stress 
American Modulus 
standard Fees of elas- 
a In ex- | Hori- Par- | dicular ao 
treme | zontal allel to 
grain 
Select 700 | 200 i 1,000,000 
Common 560 ooo 
Select 550 se 800,000 
Common 440 eee 
Select 900 250 } 1,200,000 
Common 720 _— 
{ Select 800 250 } 1,200,000 
Common 640 soe 
Select 1,100 se 1,200,000 
Common 880 so 
f Dense select 1,285 | 380 
Select 1,175 | 345 > |1,600,000 
Common 880 325 
Select 800 at 1,200,000 
Common 640 date 
Select 700 150 } 1,000,000 
Common 560 fee 
Select 700 at 1,100,000 
Common 560 ais 
{ Select 900 ee 1,400,000 
Common 720 eek 
Select 700 300 } 1,100,000 
Common 560 ed 
{ Select ck ’ 100 er i. 300, 000 
Common 880 $2 
f Select 1,000 sit 1,500,000 
Common 800 sa 
Dense select 1,285 380 
4 Select 1,175 sat 1,600 , 000 
Common 880 325 
Select 750 250 
Common 600 “3 1,000,000 
{ Select 800 300 } 1,200,000 
Common 640 ae 
{ Select 1 ’ 000 a 1,200 ; 000 
Common 800 ers 
800 at 1,200,000 
640 Sidhe 
600 He} 800,000 
480 a 
1,000 eee 1,300,000 


For wet locations, the 
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TasBLe 2.—ALLOWABLE Unir Srresses ror SrrucruraL Timppr Conumns! 
(Pounds per Square Inch) 


Ratio of length to least dimension (l/d) 


American 
Species of timber standard 
grade 
and 12 14 16 18 20 25 | 30] 35] 40] 50 
less 
Ash, commercial white. Select 1,100/1,076]1,055/1,023) 978) 913 Bae} 
Common 880} 868] 857} 840] 818] 784 |647 ial pall ne 
Cedar, western red; fir, bal- | Select 700| 686} 674] 656] 629] 592 pow 
sam. Common 560} 553) 547) 538] 524) 505 [425 Cie lola 
Cedar, northern and south- | Select 550} 540} 530} 516] 496] 468 nea 
ern white. Common 440} 435) 430} 423] 412] 398 /338 cai eal ose Sas 
Chestnut; pine, northern | Select 750} 733] 718] 695] 663] 617 /|438 


white, Idaho white, sugar, | Common 600} 591] 583) 572] 556) 532 my BOA eas ATED 


California white, and pon- 


dosa. 
Cypress, southern; larch, | Select 1,100)1,063|1,030} 981} 909} 810 
western. Common| ssol soil s43| sisi 78i| 7295 [526 |365|268)206/132 


eae ae eee Fee | Lente } 1,285/1,251/1,22211,176/1,112]1,022 |702 
pine, southern yellow; | Select 


beech; birch, yellow and| Select _|1,175/1,149]1,127]1,093]1,045| 975 roo} 487 |358/274)175 
sweet; maple, sugar. Common 880} 870} 861] 847| 826) 796 |675 
Douglas fir (Rocky moun- | Select 800| 786! 774| 753] 726) 688 |526 
lead reglond: apruce, veil | Couimed’| 640) “G02! e27} \ex7} 002), saa: [sons |°07|288 7081184 
white, Sitka; Norway pine; 
Alaska cedar; elm, slip- 
pery and white; sycamore; 
gum, red and_ black; 


tupelo. 

Seetareters. leaigal |e) to S| Sal 2 Ps} nal 
Snr cg reg ae ee 
i fetal Sel ae se) a) fe) 2 (ES) fepemprtc 
Badwond sect co] faa] a] 210) 881 721} bo aseehogi 
Se sie St ela cae| Sn) Eat aire 
Tuners sacs foal ne) a5] azo or) Si} oda 


No column shall be used in which the unsupported length is more than fifty times the least diameter. 
1 and d must be figured in the same unit of measurement. , 

The strength of wood is influenced considerably by its moisture content. For wet locations the 
allowable working stresses should be reduced according to conditions and timber used. Recommenda- 
tions covering specific cases may be obtained from the Forest Products Laboratory. 

1 Taken from ‘‘ Steel Construction,” 1940, American Institute of Steel Construction. 


and the direction of the grain. Figure 6 is the value on inclined bearing on 
longleaf pine and on Douglas fir according to the controlling values as given 
in Table 1. 

For use at points where timbers in end compression bear against the side of 
the grain of other members, it is often advisable to place bearing blocks of harder 
wood to distribute the load to a safe pressure on the weaker piece. Such a case 
is illustrated in Fig. 7 which is a very common detail in building and in shipwork. 
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3. Design of Timber Bridges. 
3a. Floors.—The flooring of a bridge is a beam over multiple elastic 
supports. The area over which a concentrated load is considered to act for pur- 
poses of design varies with different specifications. This distribution affects 
not only the design of the stringers, but also the design of the flooring. The 
Oregon State Highway Commission gives the following distribution for con- 
centrated loads on timber floors. 


Each wheel concentration shall be considered as being distributed over a rectangular 
area of dimensions A and B, the dimension A being longitudinal or parallel to the center 
line of the roadway and B being transverse or across the line of the roadway. 


Thickness of decking, inches A, feet | B, feet 
2 to 4 £0 2.5 
5 to 6 150 4.0 


As the stringer spacing is never over 4 ft., it follows that the design of the flooring 
for a 5- or 6-in. decking will be as for a continuous beam uniformly loaded over the 
distance between two supports. This deduction is within the limit of error and 
uncertainty on this class of work and it is needless to go into any closer or more 
theoretical analysis because the wearing surface 
will reduce in thickness under traffic and destroy 
the value of any assumption as to the effective 
thickness of the flooring material. The continu- 
ous action can be said to extend over the whole 
width of the roadway as the detail of Fig. 8 shows 
how the bolted felloe guard or bull rail fixes the 
ends of the planking. This, of course, is not 
theoretically the case as the stringer can deflect 
sidewise and allow the flooring to change its angle 
with the horizontal. The fact, however, that the wear is less near the felloe 
guard tends to make this portion of the deck of greater relative strength than the 
rest of the floor as time goes on. 

Ample margin should always be allowed for wear in the planking and even 
when paving is to be laid over the structure at once, there should be extra thick- 
ness over the calculated thickness to allow for deterioration of the planking due to 
rot, and great care should be exercised to see that the deflection does not exceed 
1-300th of the span. This will prevent many of the hitherto unexplained cracks 
in asphalt paving on timber bridge floors as it is almost certain that numbers of 
these failures were due to excessive deflection of the flooring and stringers. 

The actual amount of extra thickness needed on a wood floor is something 
that cannot be determined with accuracy by making calculations. The best 
guide is an inherent sense of the fitness of things and a close study of the behavior 
of wooden bridges under traffic. 
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Stringers.—In the design of stringers, the same condition applies as in the case 
of the decking, but in the reverse order. The stringers are a series of yielding 
supports receiving their load from the decking. As the longitudinal distribution 
is only one foot, it can very well be considered as applied at a point. The 
lateral distribution may, in any case, be approximately determined by considering 


0°X8'7ail post S45 
NI 3x8 rail member 
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fed to post with 
7 + Seize Salts 
Cutwoshers both foces 
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Fia. 10. Fie. 11. ‘ 


the floor slab as continuous over a series of elastic supports and forming upon this 
hypothesis a series of work equations. The following assumptions, while more 
severe than those derived from the theory of elasticity, may however, be used for 
the ordinary types of floor construction with little if any ultimate waste of 
material, 
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Case 1.—When the distance B (lateral distribution) is less than twice the beam 
spacing I’ (see Fig. 9). 

In this case the proportion of a wheel load carried by each joist is given by the 
expression 
_F—B/4 


‘ PF 


Case 2.—When the lateral distribution B is greater than twice the beam 
spacing F' (see Fig. 10). 

In this case the proportion of a wheel load carried by a single joist or beam is 
given by the term 
F 


P=5 


Case 3.—Where the lateral distribution ranges overlap, as shown in Fig. 11. 
In this case the proportion of a single or double truck (as the case may be) 
carried by any single beam or girder is given by the expression 


pay 
Pp’ = p 

It should be noted that the expression in Case 1 is not strictly true when the 
stringers or joists are spaced farther apart than the wheel gage. 

3b. Trestles. Caps.—About all that is necessary in the design of 

caps in the ordinary trestle is to make them wide enough to provide good bearing 
for the stringers. Present day highway design calls for roadways 18 ft. wide and 
wider, and for at least four piles or posts per bent. This decreases the span of the 
cap to something like 6 ft. and the 12 X 12 is ordinarily amply strong. In the 
case of falsework or other light framing, it may be desirable to use the lightest 
possible stick, in which case the ordinary rules for the design of timber beams 
apply. 

Posts or Piles—In the ordinary trestle, the load on the post or pile is usually 
very light as compared to the allowable working load. It only remains to see 


that the ratio of i is not exceeded and to furnish bracing when the height 


demands it. 

Bracing.—High trestles require the same analysis when built of wood as when 
built of steel. Both are subject to the same external forces. The manner of 
caring for the stresses is usually somewhat different as steel trestles are generally 
composed of two-post bents sway-braced with rods and turnbuckles and arranged 
in towers of two bents each by having the bents spaced alternately close together 
and further apart. A favorite spacing is 30 ft. and 60 ft., the 30-ft. opening 
being used to put longitudinal sway bracing between the posts, and no connection 
being made between the bents which are 60 ft. apart. 

On account of the limited length of span allowable for the timber stringers, 
the timber trestle bents are always spaced equally. Horizontal braces trans- 
versely across the bent and bolted to each post or pile are called sash braces and 
stay the posts in a transverse direction. Horizontal longitudinal braces from 
bent to bent are called girts and stay the posts in the longitudinal direction. 
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Cross or X bracing is also placed both transversely and longitudinally, the trans- 
verse maintaining the individual posts in their upright position and the longi- 
tudinal maintaining the bents upright. 

In high trestles the transverse bracing takes the side thrust of the wind load 
and, if the trestle is on a curve, takes the centrifugal force of the train or other 
live load. The longitudinal X bracing takes the tractive effort. It is very 
seldom, though, that the considerations of stress analysis will give an adequate 
size brace for timber trestles. The very stiffness of the whole structure as 
obtained by the use of generous sizes of bracing will tend materially to increase 
the life of the structure by preventing excessive vibration under rapidly moving 
loads. This will prevent the bolts and spikes from working loose and thereby 
keep the entire trestle tight and solid. 

Footings.—The posts of a frame trestle usually rest on a timber sill of the same 
size as the cap, but longer, in order to accommodate the lower ends of the battered 
outside posts. This sill may be supported in a number of ways, depending upon 
the bearing power of the soil on which the trestle is built. Where the soil is firm 
enough to stand loads of two tons and more per square foot, the usual method is 
to set the sill on a row of concrete pedestals which extend into the ground to well 
below the frost line, or in a stream to well below the possible limit of scour. 
Where the soil is soft and greater area is needed, it is customary to employ mud 
blocks or short pieces of timber placed underneath the sill and extending far 
enough longitudinally that taken together they furnish the required bearing area. 
This is a makeshift construction at the best and has a very short life. There are 
cases, however, where only short service life is desired, or where renewal of the 
mud blocks will be cheap and easy. In such a case, they may be used to advan- 
tage. The design of either the concrete pedestals or the wooden mud blocks is a 
problem of furnishing sufficient bearing area to bring the pressure on the soil 
within the allowable working load. The posts of the trestle are set directly above 
the blocks or pedestals so that the sill is in direct compression perpendicular to 
the grain of the wood. In heavy work, this detail should always be carefully 
investigated as the maximum working load on a 12-in. square surface at 250 Ib. 
per sq. in. is only 18 tons, which does not leave a great deal for live load if the 
‘deck is very heavy. It is sometimes necessary to use cast-iron or structural 
steel plates at the ends of the posts in order to distribute the load to the side grain 
properly. 

In very soft soils where extra long mud blocks are necessary, they should be 
analyzed as a beam balanced over one support and uniformly loaded over its 
entire length, or, what amounts to the same thing, the beam should be considered 
as fixed at the sill and cantilevered out as far as the projecting end and loaded 
with the calculated pressure. 

Fastenings.—If the matter of tension splices is not taken into consideration 
for the time being, there are but 3 accepted types of fastenings for present day 
bridge framing. They are bolts, drift pins and nails or spikes. As will be noted 
these are all of metal. The old practice of mortise and tenon, timber keys, 
wooden pins, etc., has no place in present day timber bridge construction. The 
dowel is purposely omitted from the above list of fastenings as it is not considered 
as fastening pieces together. It merely holds them in line and leaves them free 
to pull apart in the direction of the dowel. 
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The design of any of the above fastenings is more a matter of experience 
and judgment than of theoretical analysis. The size of washer (either cut, 
malleable, or cast) to use under a certain sized bolt-head usually cannot be cal- 
culated in terms of the stress which will come into the bolt on account of loads 
on the structure, as this stress is highly problematical. The rational procedure, 
then, is so to fix the size of the washer that it will be equal in allowable total pres- 
sure on the average strength timber to the capacity of the bolt at the root of the 
thread. This the manufacturers have done and the general specification of 
“Standard malleable or standard cast washers at each end ofeach bolt” insures 
a consistent design. The size of bolt to use at any given point is, however, sub- 
ject to some difference of opinion in different circles. Only experience will 
teach what are the correct sizes to be used at different locations. In ordinary 
highway work, the standard for ends of braces, stringers, felloe guards and other 
main points is the 34-in. square head, square nut, machine bolt. For handrails 
and handrail posts the 3¢-in. or 4-in. carriage bolt is common practice. Rail- 
road work usually calls for 34-in. bolts for bracing and guard rails and 7¢-in. or 
even l-in. bolts for stringers. 

In considering drift bolts and nails or spikes, the general rule is that the fasten- 
ing should extend fully as far into the holding piece as it is through the held piece. 
Thus in nailing 4-in. decking, the size of spike used would be 8-in. and in nail- 
ing the intermediate contact points of bracing to posts or piles, a 714-in. or 8-in. 
boat spike is used in connection with the 3-in. brace. Likewise when fastening a 
12 X 12 cap to a post or pile with a drift bolt, the drift should be at least 26 in. 
long, 12 in. being in the cap and 14 in. in the post or pile. 

All of the above in reference to bolts refers to parts in which the bolts are in 
shear or side bearing. When a bolt is used in such a way as to admit of the strain 
on it being calculated, it is a very simple matter to design a washer to distribute 
the stress properly to the timbers and such a case would not be covered by the 
foregoing statements. 

3c. Connectors.—Modern connectors have been used extensively in 
this country since being introduced in 1933. These connectors, known as TECO, 
are patented by The Timber Engineering Company, Washington, D.C. Types 
of Teco timber connectors are shown in Figs. 12 to 16, and in Fig. 17 are shown 
typical connector joints. In Fig. 12 are shown the split-ring and the toothed-ring 
connectors. The split-ring connector is of steel, rectangular in cross section, and 
is used between two timber faces for heavy construction. It fits into pre-cut 
grooves in the timber faces with half the depth of the ring in the groove of each 
member. The steel toothed-ring is used for comparatively light construc- 
tion. It is embedded into the contact faces of the joint members by means of 
pressure. 

Another type of connector is the malleable iron claw plates shown in Fig. 13. 
These plates are used in pairs for timber-to-timber connections. In the installa- 
tion the teeth are forced into the wood beyond the depth of the circular dap cut 
to receive the rim plate portions. For timber-to-metal connections only one 
plate is used. ’ 

Shear plates are made either of pressed steel or malleable iron. These plates, 
shown in Fig. 14, are used in pairs for timber-to-timber connections and singly for 
timber-to-metal connections, 
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Figure 15 shows malleable cast-iron spike grids that are used primarily in 
pier and trestle construction. They are embedded into the wood surfaces by 
means of pressure. 

Clamping plates, shown in Fig. 16, are stamped from metal sheets. They 
are used as railroad “‘tie spacers” between ties and guard timbers to keep the ties 
properly spaced or where timbers overlap at right angles. 


(d) 
Fic. 12.—(a) Toothed ring. (6) Split ring. 
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Fria. 16.—Clamping plates. 


3d. Truss Bridges. Compression Chords.—Having obtained the 
direct stress in the chords due to all causes, the problem of the design of the chord 
is a combination of column and beam design and the use of judgment regarding 
how much stick must be cut away in making the necessary joints and fastenings. 
It is universal practice to make all timber chords the same size from end to end 
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on account of the difficulty of using a different sized stick for the different panels. 
The only panel of top chord then that is closely computed is the center panel. 
From the figures for total stress, a piece is selected with approximately one-third 
more area than required. The cuts at the panel points and all nearby bolt holes 
are then taken out and the effect of the computed load on the net section is con- 
sidered. If the chord is composed of a single stick or is a laminated chord, the 
size thus found is sufficient. If the chord is to be composed of two or more pieces 
side by side with air spaces between, it is customary to allow one stick for splic- 
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Fia. 17.—Connector joints. 


ing and consider the stress as carried in the rest after deducting the cuts, daps and 
bolt holes as before. In this method, it is necessary that shear blocks be placed 
between the splice points in order to transfer the stress from the solid into the 
spliced stick by the time the next splice is reached. This requires the use of 
packing blocks which are framed into the space between the adjacent timbers. 
Figure 18 shows the details of a timber packing block for such a purpose and F ig. 
19 a cast-iron block. The portions of these blocks which frame into the chord 
sticks (faces a-a) are in compression and the total faces a between two adjacent 
splices should be sufficient to develop the stick last spliced. 
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It is not customary to consider that any of the stress on a top chord of two or 
more sticks is taken by the spliced stick in the panel containing the splice. Thus 
in a three-leaved chord, two sticks are carrying the load and one is used for splic- 
ing. No dependence is placed upon the spliced stick, as shrinkage or other causes 
may pull the two adjacent ends apart and destroy the bearing. In light con- 
struction, should it become necessary to splice a compression chord of one stick, 
it is best to fully bolt up the two ends with two sticks on the sides and then 
bore holes along the contact surfaces and drive wooden or metal keys as in 
Fig. 20. These keys should always be driven horizontally so that in case of 
shrinkage, they would not tend to fall out if the splice were subjected to a reversal 
of stress. In such a splice, all the load is considered taken by the pins and 
none by the abutting ends. The bolts must be sufficient in number and size 
to care for the component of stress against the sloping side of the pins tending to 
spread the splicing plates apart. The holes for the pins should be bored under- 
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size and the pins driven in. This detail also makes an acceptable tension joint 
on unimportant work as will be mentioned in connection with the lower chord 
‘later on. 

When the floorbeams over a deck truss are not set at the panel points, the 
top chord is subject to a combination of bending and direct stress and should be 
so designed. In this regard it is analyzed in the same manner as an eccentrically 
loaded column or a portion of an arch ring—that is, the direct stress is computed 
and to that is added algebraically the stresses in the upper or lower fibers of the 
chord which result from the load of the floorbeams. The resulting stress must 
not exceed the allowable value of the chord as a column as given in Table 2, p. 381. 
Thus on Douglas fir and longleaf pine, the combined bending and direct stress 
on the two acting sticks of a three-stick chord should not exceed 487 lb. per sq. in. 


L { , 
for an D ratio of 30. In this combination if the floorbeam is set very close to 


the panel point, the bending stress over the panel point is nearly the same on the 
unspliced leaf (as a simple beam) as on the spliced stick (as a cantilever) and the 
bending stress is distributed over three leaves while the direct stress is taken by 
the two unspliced leaves. However, if the stringers run transversely so as to 
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give a practically uniform load across the chord, no credit should be allowed the 
spliced leaf as a stress carrier either in bending or in direct stress. 

Tension Chords.—All of the foregoing paragraphs regarding distribution 
of stress between spliced and unspliced leaves of multiple stick chords apply 
equally to tension and to compression chords. There remain only the details 
of calculating the splice. Although it is not considered as carrying any of the 
load, the splice is always made as strong as possible as a factor of safety. The 
most desirable tension splice from a standpoint of certainty and ease of framing 
is one which has but one contact surface on each side of the joint. The second 
consideration to be taken into account is that it must be adjustable in order that 
it can be tightened up after the timber seasons and shrinks. The third consider- 
ation is that the splicing material shall be free from shrinkage or other tendency 
to deterioration insofar as possible. Last of all, because the joint is very impor- 
tant, is the question of cheapness, both as to material and as to labor. The 
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splice that most nearly fills all these requirements is the one shown in Fig. 21. 
The calculations required are: 


(1) That the tension area left in the stick shall be equal to the compression area pro- 
vided for the bearing channels. 

(2) That the flanges of the channel be stiff enough to stand the bearing without failure 
or be provided with stiffeners. 

(3) That the distance from the bearing faces of the channels to the end of the stick be 
long enough to provide ample shear area to develop the tension area left in the stick. (A 
large margin should be allowed here for possible seasoning checks.) 

(4) That the area of the four rods be sufficient to develop the tension area left in the 
stick. 

(5) That the channels be stiff enough in bending to carry the load from the compression 
faces of the timber to the tension rods. It will be seen that, with an allowed bearing load 
of 1,200 lb. per sq. in. and an allowed tension value of 1,600 lb. per sq. in., it is not possible 
to develop quite half the total tension value of the piece. With 1,600-lb. compression and 
1,600-lb. tension, the stick could be half spliced. 


The pin splice shown in Fig. 20 will develop nearly three-fourths the tension 
value of the stick, and, by extending the plates and putting in more but smaller 
pins, a yet higher efficiency may be obtained. This is a poor splice, however, for 
heavy work and should not be used on any important structure. The use of the 
tabled fish plate joint shown in Fig. 3 should be limited to cases of extreme emer- 
gency where metal is not to be had and where the use of the joint for a longer 
period than one season is not essential. If it should become necessary to use 
such a detail for a longer period, it should be given frequent inspection and the 
bolts be carefully tightened as often as it is inspected. 
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The use of plain plates of wood or metal in conjunction with a series of bolts 
or pins which depend on bearing of the timber on the bolt to transfer the strain 
to the plate in shear should not be used as there is a decided tendency in this type 
of joint to split the wood of the main member without any sign of the failure 
being apparent on the outside of the splice. This might lead to a serious accident. 


Elevation 
Fia. 21. 


The same types of packing blocks should be used between the lower chord 
leaves as between the top chord leaves, and for the same reason. 

Compression Web Members—The compression web members of a wooden 
bridge are almost invariably the diagonals, making the truss a Howe type. 
Several examples of Pratt trusses with wood compression members are in exist- 
ence, but they are not economical on account of the extra length of steel rods 
required. 


Fig. 22. 


The design of the diagonals is merely a matter of applying the column for- 
mula until the end post is reached. This requires special treatment as the portal 
introduces a combination of direct and bending stresses which usually requires 
quite a bit larger timber or timbers than in the web system. It is customary to 
provide the end post with shear blocks when it is composed of two or more leaves 
and then consider the full width in bending due to wind stresses in the portal 
system. 
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In this connection, it should be noted that in many cases of long bridges of 
timber the end post cannot be reasonably made large enough to provide for both 
wind and live load stresses. In such a case the relief is obtained by putting in 
sub-portals at as many of the diagonal web members as is necessary and thus 
having the upper lateral system act only in short lengths of two or three panels 
before taking the wind stress to the lower lateral system. 

The diagonal web members should not be considered as a whole when com- 
puting the allowable unit bearing loads but the least diameter of a single stick 
should be used. In some cases it will be found advantageous to have a smaller 
bearing area on the end of the diagonal than at the center. In such a case, it is 
permissible to trim the end of the stick down to the required size, but the designer 
should keep in mind the fact that the remaining available bearing area should be 

not only capable of carrying the load 
Hardwood keys in compression, but also should be as 

/ f, nearly as possible in line with the axis 
of the stick in order that there may be no 
eccentricity. 

Multiple stick web members should 
have packing blocks near the ends in 
order to prevent undue warping, tending 
to twist the diagonal away from the 
bearing. This need not be framed into 
the adjacent timbers, as in packing blocks for chords, because they carry no 
definite stress and are not for the purpose of transferring shear. They should 
be sufficiently bolted to prevent turning out, and for appearances should be 
trimmed flush with the members they separate. 

If a beam is built up as shown in Fig. 23, the entire cross-section will be used 
in applying the column formula, but an efficiency of 80 per cent will be assumed 
for white oak keys. Thus in a chord of two 6- X 18-in. timbers it would be 
treated as having a carrying capacity of 80 per cent of a timber 12 X 18 in. 

Tension Web Members.—The tension web members of a timber truss are 
usually of metal, either steel or wrought iron. Their design consists merely in 
the selection of the proper amount of cross-section and dividing that area into 
the most convenient number of bars. It involves also the selection of suitable 
bearing plates at the ends of the rods and the question of whether or not the rod 
is to be upset or used plain. The question of plain vs. upset rods (where both 
are available) is a question of the cost of making the upset as compared with the 
cost of extra metal required if a plain bar is used. As the cost per upset varies 
considerably in different localities, no rule can be given except to say that unless 
the rod is both short and small it will pay to employ the upset. 

Counters—By their nature, counters in a wood truss are also of wood and as 
usual are much smaller than the main diagonals. For this reason it is customary 
to place them between the two main diagonal timbers in large trusses and to 
consider them as fixed at the intersection of their line and that of the main 
diagonals in the same panel. This is a rational assumption and allows a some- 
what smaller size of stick. Of course, where single stick web members are used it 
is necessary to place the main and counter diagonals alongside each other at their 
intersection and then the full length must be used in figuring column action. 


Fig. 23.—Built-up beam with keys. 
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Trusses have been built where a tension rod was placed on each side of the truss 
and in line with the main compression diagonad to take the reversal in tension, 
but the detail is awkward and causes a patched up appearance in the finished work. 

Laterals and Portals—The purpose of the lateral systems, both upper and 
lower, is to prevent sidesway due to horizontal forces. These horizontal forces 
are from two causes. The first and most important is the wind. The second is 
centrifugal force due to the span being ona curve. The first is always considered, 
while the second is rarely ever necessary on trusses because their construction 
dictates that they be straight. Sometimes, however, they support curved track 
and the centrifugal force must be considered. The upper lateral system in 
through trusses and the lower lateral system in deck trusses have only their 
proportion of the exposed area of the truss to provide for. The lower lateral 
system in the through truss and the upper lateral system in the deck truss must 
provide for the exposed area of truss tributary to that chord and also take care of 


Fia. 24. 


the wind load against the side of any vehicle on the span. The wind force on the 
structure is usually taken as a moving horizontal load equal to 30 lb. per sq. ft. 
on 114% times the area of the structure as seen in elevation, including the floor 
system and railings and on one-half the area of all trusses or girders in excess of 
twointhespan. This holds for all exposed area of truss and floor system. When 
considering vehicles, the most common specification is 300 lb. per lin. ft. of span, 
acting as a moving load. The above applies, of course, to unhoused trusses. 
When housed, each lateral system takes one half the load of the wind on the side 
of the housing, vertical projection of the roof included. 

In the shorter trusses, this load is transferred by means of the lateral system 
to the portal at the ends of the top chord and thence through the end posts into 
the pier. This puts a heavy bending stress into the end post and in the longer 
spans, making the combined stress so large that different steps must be taken for 
its transfer to the lower chord. This is done by putting in more portals at inter- 
mediate points and causing the lower lateral system to take the greater part of the 
load to the piers. This is very well shown in the illustration of the interior of the 
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housed Howe truss (Fig. 22). The main portal braces are visible at each end of 
the top cnord, and half way through the truss can be seen the secondary portal. 
Provision must be made in the diagonal to which this secondary portal is fastened 
to take care of the extra stress thus induced. In the design of the 190-ft. truss 
shown on p. 400 these subportals are very well illustrated, quite a number of 
them being used to lessen the concentration of top chord wind load at the ends of 
the span. This 190-ft. span is a housed bridge and each lateral system takes 
care of half the wind load. 

As the calculation of the stress in these laterals and portals is not any different 
than the calculation of like stresses in a steel structure, they are not reviewed here. 
The details of the various joints and members which follow illustrate fully the 
manner of caring for the stress after it is found and so are included under details 
instead of under stresses. 

Joint Blocks for Trusses ——When the block is a solid piece, as an oak block, 
there is not much computing to be done except to see that the bearing and shear- 
ing values are safe both on the block and on the chord which carries it. An 
example of such a block is shown on the detail sheet accompanying the plan for 
the 190-ft. truss, p. 400. 


When a cast-iron block is used, the bearing and shearing stresses on the block 
and chord must be computed and also the bending on the metal between the ribs 
of the block from the pressure of the stick which the block carries. This will be 
due to, the unit stress on the timber applied over the span “‘a”’ or ‘‘b”’ (see Fig. 25). 
The ribs must also be sufficient to carry the stress safely. The faces ‘‘c’”’ of the 
lugs must be deep enough to provide ample bearing to transmit the horizontal 
component of the web system into the chord. Wherever possible, the entire 
horizontal load should be taken by one of these lugs only, thus preventing failure 
by reason of poor framing allowing one lug to bear before the other comes into 
contact and thereby shearing off one lug at a time. The distance between the 
lugs should be such that the allowable shear with the grain of the timber will not 
be exceeded when the computed bearing on ‘‘c”’ is realized. 

In the design of these blocks as well as in the detailing of any cast work, care 
should be taken to have all parts of a uniform thickness and to avoid as far as 
possible any extra heavy parts adjacent to thin sections. This is to prevent 
cracking or warping in cooling which is a much more serious item than the 
uninitiated would suppose. 

In laying out the members of the truss about the truss diagram, it is customary 
in wooden bridges to place the timbers for the chords far enough off center with 
the actual stress line to admit of using a small block at the joints. Thus in Fig. 
26 it will be seen that although the distance between “‘working”’ or stress lines is 
22 ft., the distance center to center of chords is 22 ft. 6 in, 
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The old railroad practice was to obtain flat angle blocks by making the panel 
lengths very short so that the diagonals were nearly vertical. This gave a very 
stiff truss and was excellent for use with train loadings. For present day highway 
work the panel length can be considerably lengthened and a greater saving made 
on timber than is expended due to the larger angle blocks. 

Cast-iron angle blocks are sometimes used at the lateral intersections on the 
sides of the chord. These lateral blocks are subject to the same analysis as 


the main angle blocks but are usually provided with a single cylindrical lug on the 
side which bear's against the chord. This is to prevent the block from slipping 
out and falling should the tension on the rod which holds the timbers be released. 
A detail of such a block is shown in Fig. 27. In the truss using this type the 
lateral diagonals are of timber and the rods run at right angles to the chords. 
This allows the whole lateral system to be brought up tight by tightening up the 


Fig. 27. 


rods, and also is not subject to the rattling found where the lateral diagonals are of 
rods and the struts of wood. 

Provisions for Housing —As was mentioned in the preceding paragraphs, 
housing a truss subjects it to a greater stress during wind storms. ‘This stress 
can be provided for by additional portal braces at intermediate panels. The 
portion of the roof of the housing which is between panel point “0” and panel 
point “1”? must be sway-braced both horizontally and vertically. The lateral 
system can be extended to the end of the housing which takes care of the hori- 
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-gontal load. The end of the housing can be reinforced in the vertical direction 
by having knee-braces from the upper sill to the vertical posts which rest on the 
lower chord and support the ends of the longitudinal nailing girts. These knee 
braces are figured the same as portal braces. 

The longitudinal sill for the roof rafters in the end panels usually needs 
some support to lessen the span over which the load of the roof need be carried. 
This can be done very readily by framing some more knee-braces from points 
near the middle of the end panel to the upper line of nailing girts near their end 
supports in the 0-1 panel. This reinforcement is not usually necessary in the 
inside panels as the top chord carries the load and only a narrow deep sill is placed 
on the top of the chord to support the rafters between panel points and to allow 
access to the main nuts for tightening up after seasoning and shrinkage. 

While it is customary to run line girts or nailing strips along the side of the 
truss, fastening them to the main diagonals to support the housing, it must be 
boine in mind that the shrinkage of the timbers of the truss allows the bridge to 
settle and lose its camber which will tend to tear the siding from the girts if it is 
fastened too tightly. The siding should therefore be fastened in such a manner 
that this shrinkage and settlement will not tear it off. This means that the 
siding should consist of wide vertical boards nailed twice at the ends and once 
at each intervening nailing strip and with the cracks between the boards covered 
with battens which are nailed to one board only, leaving the projection to cover 
the opening and side on the adjacent plank. In making up standard plans for 
trusses to be used with or without housing, it has been found convenient to make 
the trusses just the same for housed as for the unhoused type, depending upon 
an upper sill laid from U1 to UO to carry the rafters in that panel. 

The practice of extending one of the leaves of a three-leaved top chord section 
to carry the end panel of roof is awkward to handle and does not give the rafters 
the correct height or support to fit the details on the main portion of the top 
chord where an extra sill is used to hold the rafters away from the nuts on the 
main rods. 

Corbels and Pier Tops.—The only analysis necessary in the ordinary corbel 
is to hold the bearing on the side grain within the allowable unit stress. There 
are exceptions to this, however, when it is desired to have bolts through the 
foot of the end post and the corbel to keep the lower end of the end post from 
shearing off the dapped joint. In such a case (see Fig. 28) bolts should be placed 
vertically and wooden or pipe keys driven into the joint to assist in developing 
the shear along the line of contact of the corbel and the chord. 

The pier caps are subject to side bearing, bending and shear when built of 
timbers. Care should be used when selecting the layout of the pier cap to be sure 
that the horizontal shear does not split the pier cap and ruin the structure. 

4. Details of Timber Bridges. 

4a. Floor Systems. Wearing Surfaces—The simplest wearing 
surface is the ordinary plank floor. For present day highway traffic this should 
be from 3 to 5 in. thick with boards 10 to 16 in. wide. They should be laid at 90 
deg. with the center line of the roadway and should be used in commercial lengths 
varying by 2 ft. in order to save sawing off the ends. These lengths when used 
in conjunction with a 6 in. wide felloe guard give a distance between felloe guards 
that is in odd feet but the junction between the felloe guards and adjacent paving 
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can be very easily adjusted. The plank should be nailed with spikes at least 
twice as long as the thickness of the planking and should have two spikes in each 
end of each plank with one spike in each intermediate stringer. The interior 
spiking should alternate from side to side of the plank. The ends of the plank- 
ing should be held down to the outside stringer by means of a felloe guard at the 
edges of the roadway and have bolts extending through the stringer. This 
will prevent the ends of the planking pulling loose under loads in the center of 
the roadway and will also increase the strength of the planking by partly fixing 
it at the ends. 

The next step in wearing surface development is the placing of longitudinal 
running strips down the bridge floor in order to give less impact due to different 
thickness of planks and to distribute the wheel loads over a greater number of 
planks. These should be nailed very securely at the ends and have the joints 
staggered in order to reduce the impact as much as possible. It is customary to 
leave a portion of the roadway without these strips placing only three or four 
widths under each wheelway. The only idea in this is to save lumber and labor. 
It makes a better roadway to lay the longitudinal plank for the full width. These 
longitudinal plank should not be used in damp climates or in any location where 
moisture is likely to collect between the two layers and rot the timber. 

When the longitudinal strips are placed for the full width of the roadway, the 
result is a double system of flooring which will carry loads in both directions and 
prevent one transverse plank from deflecting independently of the ones adjacent 
toit. Itis then possible to put on a wearing surface that is more easily renewable 
than the planking and which will stand more wear. One such covering is the 
creosoted wood block. The blocks can be nailed to the floor for use on moving 
spans such as the leaves of bascules, or they can be laid loose on a tar cushion. 
In either case it is advisable to fill the joints with tar filler and to sprinkle pea 
gravel and sand over the tops of the blocks and roll it in. The sand absorbs 
the excess tar and keeps the road from being sticky and the pea gravel is imbedded 
in the end grain of the blocks and increases their resistance to wear. 

The greatest drawback to this type of floor is that the moisture penetrates 
between the blocks and rots the sub floor. In order to prevent this and form, 
as it were, a roof over the wooden deck, asphaltic concrete or even ordinary 
asphalt has been laid on the plank floor and where not subjected to excessive 
deflection has given excellent service. 

The next improvement is in the nature of stiffening the flooring to give less 
deflection under live loads. This stiffening is obtained by the use of laminated 
decking instead of the double layer of plank. For the 20-ton truck, these 
laminated decks are made of 2 * 6 on edge with heavy stringers at about 30-in. 
centers. As the laminations are liable to catch and hold water they should not 
be used in damp climates unless it is possible to cover them with a good roof of 
asphalt. 

In the above remarks an attempt has been made to show that rot is as serious 
a foe to a bridge as wear. For that reason all bridge floors should have a decided 
camber and wherever they are paved with asphalt they should be crowned to 
shed the water to the edges of the roadway. 

The City of Seattle in its wooden bridges uses a beveled shim between the 
stringers and the cap or floorbeam which gives the desired crown at the center. 
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They also build a gutter at the curb line and provide inlets and downspouts at 
frequent intervals. This type of floor when covered with asphaltic concrete 
makes a very excellent structure and one that should have a long life. 

The State of Washington has tried some new trestle work wherein the floor 
is composed of a 6-in. concrete slab reinforced both top and bottom and cast 
in lengths equal to one half panel. The joints come at bent and mid span and the 
slabs are designed sufficiently strong to carry from the bent and mid span when 
the stringer deflects. The balance of the structure is the regular timber or pile 
trestle with timber stringers. So far they have given excellent satisfaction, it 
being possible to remove two sections of slab and renew broken or torn stringers 
and replace the slabs with but very little trouble. 

Stringers.—The stringer as a structural member is so simple as to need almost 
no comment. There are a few points worth mentioning, however, and of these 
probably the most important is the necessity for always using bridging at mid 
span on short spans and at the third points on longer spans. The ends of adja- 
cent stringers are lapped at intermediate stringers and butt-jointed at the outside 
stringer. All stringers should be fastened to the cap or floorbeam and the outer 
ones should be bolted. 

Some bridges are built with long panels and stringer joints made at every panel 
point. Others are made with panel lengths short enough to allow each stringer 
to reach two panels, thus making it unnecessary to have joints except on every 
alternate cap. This method gives a structure which is more firmly tied together 
and less liable to break at a bent. Where stringers of different depths rest on 
the same cap, the cap should be placed to take the deepest stringer. Blocks are 
then provided for use under the shallower stringers. No stringer should ever be 
dapped out on its lower edge, even at the supports, as these re-entrant cuts tend 
to start season checks which, when they spread, may ruin the piece. Intermedi- 
ate stringers may be toe-nailed to the cap but outside stringers should be bolted 
with a bolt in each end of each stringer. 

Floorbeams and Caps.—The floorbeam or cap is the base of the floor system; 
below this the structure may be either truss or trestle on even piers although a 
cap is not so much a structural member as it is a nailing strip when it rests directly 
on a concrete or masonry pier. 

The truss floorbeam usually has two supports while the trestle cap has three 
or more. Both frequently have overhanging ‘ends to accommodate sidewalks 
or runways. The problems encountered in their design are not serious. Floor- 
beams are often suspended from the truss by rods and have bearing plates on their 
lower edge. Such plates should always be amply large to accommodate the 
maximum assumed loading without overstress as they are called upon to take the 
initial impact from the floor system and should be in no danger from crushing 
or breaking down under repeated loadings. Care should also be taken that the 
holes bored in the floorbeam for the hanger bolts do not leave the piece with less 
section modulus than is required for bending. The cap is usually weakest in 
longitudinal shear, especially if numerous piles are used. By the use of rod 
diagonals and bevelled washers the floorbeam can be made to act as the strut in 
the lateral system either in a through, deck or pony truss. This is illustrated in 
some of the details accompanying this chapter, as are also the other points that 
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have been and will be brought out in the discussion of floor-systems, trusses 
and trestles. 

Handrailings, Felloe Guards, Drainage Details —A handrailing is placed on a 
vehicular roadway to define the limits of the roadway, not for the purpose of 
withstanding impact of collision from moving wagons or automobiles. Its 
function is almost purely a psychological one and as such it should create a 
feeling of security in the driver that will allow him to drive very close to the rail 
without fear, even though the rail is too weak to withstand a head-on collision. 

The felloe guard is the real protection against vehicles running off a bridge 
or trestle but without a rail to be seen above the fenders a driver would be very 
reluctant to bring his wheels anywhere close to the edge of the roadway because 
he could not see where he was. 

The felloe guard also holds down the ends of the roadway plank and is there- 
fore bolted very firmly to the stringers. In order to provido drainage through 
the felloe guard, holes are cut in the planking and felloe guard at frequent inter- 
vals but are kept small enough not to injure the strength of either. One such 
detail is shown on the Oregon Highway Commission Standard Trestle details 
(Fig. 8). There is also shown in the same sketch a detail of a drip board designed 
to prevent moisture from blowing against and soaking into the ends of the lami- 
nated decking and rotting the decking over the outside stringer. 

In addition to the trestle detail of the Oregon Highway Commission are shown 
some details of the City of Seattle’s timber floors for bridges. (See Fig. 31 at the 
end of this chapter.) The main points of difference are first the design loadings, 
the Oregon Standard being a 20-ton truck while the Seattle Standard is a 124%- 
ton, and second the treatment from the standpoint of maintenance. The 
Oregon Standard is designed to be located away from centers of industry and 
sources of repair material and where the traffic will be very light in point of total 
tonnage carried per year but yet subject to occasional very heavy loads. For 
these reasons it is designed to be covered with an asphalt wearing surface and left 
to itself for months at a time without any more than a yearly inspection. Then 
if maintenance or repair is needed, time is not as important a factor as in a large 
city and more time can be spent in the repairs. 

On the other hand the Seattle Standard is to be located on heavily travelled 
business streets carrying as much tonnage in a week perhaps as the Oregon Stand- 
ard carries in a year. It is also convenient to the sources of supply. It is there- 
fore designed with a view toward cheapness in first cost as the greatest essential 
and facility for speedy repair of wornout parts as of the next importance. As 
they are almost always built in wholesale and factory districts not very much 
attention has been paid to aesthetics. It will be realized though that it is a very 
simple matter to remove a few plank and replace them with new ones without 
delaying traffic for more than a few hours. This is the reason for the guard rail 
being set up on blocks. In the typical section shown, the cap is given a 4-in. 
super-elevation on the sidewalk side to drain the water to the outside edge. 
When a full width roadway of 40 ft. is built, the cap is set level and the beveled 
shims mentioned earlier in this chapter are used. 

4b. Trestles.—The simplest form of wooden bridge sub-structure is 
the pile bent. It has but the one type of member. The pile is post, footing and 
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(usually) bracing allin one. Pile bents are used in locations where it is impossible | 
to obtain suitable foundation for an ordinary post or column pedestal. As the 
piles penetrate well into the subsoil and beyond the action of frost they are more. 
stable in ordinary soils than the frame trestle on mud sills. For this reason it is | 
very common practice for railroads to use piles wherever possible for low trestle | 
and to drive piles and cap them at the ground line to form a sill for a frame trestle | 
when a high trestle is required. The piles have an added advantage in that their 

safe load can be computed from the facts recorded when they are driven, namely | 
the weight and height of fall of the hammer and the penetration of the pile at the 

last few blows. Once driven and capped it is unusual for a pile bent to show any 


ee 


Fia. 29.—Young’s Bay Bridge, Astoria, Oregon. Driving piles for the north trestle. 


settlement under added load except in very soft ground. A pedestal or mu 
block under a frame trestle is much more likely to show settlement in ordinary 
soils. The choice between piling or framed timbers for bents will depend on (1)) 
the soil, (2) the loadings to be carried, (3) the relative accessibility of piles and: 
sawn timbers, and (4) the availability of a pile-driving outfit. Any trestle bent, 
either frame or pile, should have the outside piles or posts splayed outward a 
their lower ends to increase the lateral resistance to swaying. In driving battem 
piles in trestles it is customary to use what is called a moonbeam driver or one int 
which the top end of the hammer leads is pivoted and the bottom end swings in H 
vertical circle on a track, giving the pile any desired batter during the driving, 
Such a driver is shown at work in Fig. 29. 
High bents are sway braced in both directions and have sash braces to divide 
the sway braces at regular intervals. In frame trestles the high bents can be buil 
of a succession of low bents set one on top of the next (called story framing) as ir | 
the Oregon Standard or they can be built of full height sticks sash and swa 
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Sec. 4~4c] TIMBER BRIDGES AND TRESTLES 401 


_ braced (called balloon framing) similarly to the high pile trestles. Both systems 
have their ardent advocates, but the designer will usually find that the available 
length of timber will fix the type. 

Frame bents are usually set on a timber sill extending at right angles to the 
line of the trestle. These sills are carried either on concrete or timber blocks or 
on piles driven and capped at the ground line, the pile cap forming the sill for the 
frame bent. On rocky ground it is sometimes convenient to run in a sill of 
concrete and level it up and build the frame bent from that. Otherwise the con- 
crete will be in the form shown on the Oregon Standard frame trestle. 

Bracing is the most important item of a trestle bent. In low pile bents 
the stiffness of the pile forms the resistance to lateral and longitudinal distortion 
but in the frame trestle and in the high pile trestle it is necessary fully to reinforce 
the structure against swaying. These sway braces, sash braces, line braces or 


ace sacs 


Sie seer 


Fig. 30. 


girts, and tower braces should be fastened at their ends with bolts and at the other 
intersections with boat spikes. 

In connection with bracing it should be realized that a well-framed set of caps 
and bracing will present a neat and trim appearance that is not at all objectionable 
to the eye even if it cannot be said to be aesthetic. All ends of sway bracing 
should be trimmed to the line of the cap and no ragged corners of wood should 
ever be tolerated in the finished work. Correct finish is just, as important on a 
trestle as on a concrete bridge and excites as much favorable comment from those 
who know good framing from bad. 

Bracing in a longitudinal direction is of two main types: (1) Tower bracing 
and (2) lattice bracing. The horizontal girts, or line braces, should be run 
through in both, but in the tower braced type only the alternate openings are sway 
braced, leaving the others open. 

4c. Trusses. A-frames.—The simplest form of truss is the A-frame 
or King post truss. In timber it is adaptable for spans of 20 to 40 ft. The 
inverted form in which the bottom chord is a V-shaped rod under a strut at the 
center of the beam is called a trussed beam and is not susceptible of analysis by 
‘simple statics. ~ 


402 STEEL AND TIMBER STRUCTURES [Sec. 4-4¢ 


The A-frame is almost always built as a pony truss when used for bridges and 
as such should have the apex supported laterally by a strut which is carried on the 
extended end of the floorbeam. Heavy construction calls for cast-iron bearing 
blocks at the bottom ends of the batter posts but in light or temporary work it is 
usually possible to frame the two timbers one against the other and bolt the inter- 
section. The floorbeam may be suspended on the center rods or set on top of the 
chord, depending on the headroom desired. Hanging from the main rods gives a 
very much smaller distance from roadway floor to clearance but placing the floor- 
beam on top of the chord makes renewals and repairs easier and also lessens the 
height of pier required to reach a given roadway elevation. 

The outrigger or strut from the apex should be framed and bolted to the side of 
the extended floorbeam and not set on top and bolted or spiked down. The bear- 


Fria. 31.—Typical section of roadway timber trestle, City of Seattle. 


ing blocks at the ends of the batter posts can be either cast iron, oak or structural 
angles. Figure 30 shows the Oregon State Highway Commission 40-ft. A-frame 
with the floor beam above the chord. 

Pony Trusses.—The simplest form of pony truss outside of the A-frame is the 
Queen post, wherein one panel of horizontal top chord is introduced between the 
end posts. The term applies more particularly to the type which has no diagonal 
web members in the center panel, thus causing the two chords to take in bending 
the shear that would otherwise be carried by the web. 

Pony trusses of wood are adaptable for spans from 40 to about 70 ft. although 
this upper limit is rather too long for economy. 

The railings on any truss with a diagonal web system of timber should be 
carried on posts independent of the web members because, if the rails are bolted to 
the diagonals, every passage of a load over the bridge works and strains the joints 
of the fence with the truss and the line of the rail cannot be maintained. 
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Housing for a pony truss consists of a shed roof over each top chord and siding 
just far enough from the truss to permit of inspection of the truss members from 
inside the housing. 

Through Trusses.—Through trusses of wood are built in spans as short as 60 
ft. but the upper limit of length is problematical. Accompanying this chapter is 
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Fic. 35.—Ring-connected timber bridge over Johnson Creek near Portland, Ore. 
Span is 60 ft. O]in., roadway width 20 ft. 0 in.; designed for the H-15 loading (Courtesy 
of Timber Engineering Co.). 


Fic. 36.—Timber bridge over Buffalo Creek, near Lewisburg, Pa. Span is 182 ft. 0 in. 
(Courtesy of Timber Engineering Co.). 


a plan and the detail sheets for a 190-ft. 2-in. wood span to carry a 12-ton truck. 
Spans have been built as long as 212 ft., but anything over 150 ft. may be called 
rare. Especially is this true in connection with present day highway loadings. 
Also accompanying this chapter are the Oregon State Highway Commission 
drawings of a 60-ft. and a 150-ft. wood span to carry a 20-ton truck. They are 
complete as to details and a careful perusal by the reader will disclose more 
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information than space permits of describing here. Attention is called to the 
single piece chords and resultant framing of the short span as compared to the 
triple stick chord and splices of the longer. The floorbeams of the shorter are 
suspended on the main rods while in the long span they are placed on the chord, 
thus producing bending in the chord as well as direct stress and requiring a much 
larger depth of chord stick. Splice details are not shown on the general drawing 
of the long truss but there is one tension splice at every break in the continuity of 
the lower chord sticks. The tension splices are detailed on the sheet of structural 
steel details. The packing blocks for transferring the stress from one stick to the 
others are also shown as well as the cast-iron angle blocks for use on all standard 
trusses from 60 to 150 ft. long, for the type with floor beams carried on the chord. 


souls tnt oe! me Be 


Fig. 37.—Sioux Narrows bridge, Ontario, Canada. This 210 ft. span bridge, built 
by the Canada Creosoting Co., Montreal, is one of many connector-built bridges erected 
in the province of Ontario. Spans range from 90 ft. to the 210-ft. bridge shown above. 
All framing of the approaches and superstructure made with Teco split ring connectors. 
(Courtesy of Timber Engineering Co.) 


The sheet of structural details gives all plates and splices for the same range 
and type. 

The 60-ft. truss and details shown with it are those for the type having sus- 
pended floorbeams and single stick chords. On this account the dimensions of 
splices and blocks are not given for trusses of lengths greater than 105 ft. as a 
longer stick than the lower chord of the 105-ft. truss is very difficult to obtain 
from a mill, or ship on the railroads. They can, however, be obtained by hew- 
ing from a special log if the span is being built in a locality where there is good 
timber. 

Other details of interest in all three of the trusses shown are the lateral 
systems, main and intermediate portals, housing, railings, arrangement of ten- 
sion verticals and the details of structural bearing plates for tension rods. 

4d. Timber Bridges.—In Figs. 32, 33 and 34 are shown designs of 
three typical modern highway bridges in which the Teco connector system has 
been utilized to produce economical structures with good architectural lines. 
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Figure 32 is a line drawing of a King Post truss, having a span of 30 ft. 0 in. and 
a roadway width of 18 ft. Qin. It was designed to accommodate H10 loading. 

Figure 33 is a line drawing of a Double Warren truss, having a span of 70 ft. 
0 in. and a roadway width of 18 ft. 0 in. The design is in accordance with H15 
loading. 

Figure 34 shows a line drawing of a Pony truss, with span of 70 ft. 0 in. and 
roadway width of 18 ft. 0 in. It was designed for H15 loading. 

Figures 35, 36 and 37 illustrate several types of timber bridges of varying 
spans. All utilize timber connectors of the several types available. 


‘SECTION 5 


STEEL TANKS 


Steel plate work that is to contain a liquid must be designed and detailed so 
as to be readily made liquid-tight by ordinary shop and erection methods. Not 
only should the design be such that the unit stresses are within proper limits but 
it is also very important that the design be such that the caulking can be continu- 
ous and can be done as the work progresses. Also, if possible, it should permit 
of the caulking being gone over after test. Frequently, these points are not 
given sufficient consideration in working up design drawings and specifications. 

It is essential that the probable method and sequence of erection should be 
kept in mind, watching particularly the connection of the bottom to the tank 
shell, pipe connections, anchor bolt brackets, and any auxiliary members that 
may be fastened to the shell or bottom, or any special features that the tank may 
have. Frequently it is necessary to use structural members for stiffeners, guides, 
or girders, or to have a partition or enlarged opening. All these should be on the 
non-caulked side if possible, and should not cross a seam if on the caulked side, 
as it is next to impossible to get such a seam tight. 

In this connection, it is well to keep in mind the following: (1) That the heel 
of an angle or channel, or the end of a rolled shape in general, cannot successfully 
be caulked tight against a plate; (2) that it is the best practice to have the newly 
formed head of the rivet (or, in other words, drive the rivet) on the caulked side, 
although rivets can be driven on the non-caulked side if extreme care is taken 
in heating and driving; (8) that all rivets in a seam should be in place before it is 
caulked as the driving of additional rivets is very liable to spring the caulking and 
cause leaks that are hard to correct; and (4) that it is almost universal practice 
to caulk large tanks on one side only (not both inside and outside). Sometimes, 
in somewhat complicated designs, both inside and outside caulking are specified. 
It is better practice to make the design such that the caulking will be continuous 
on one side and call for caulking on that side only—otherwise, the continuity of 
the caulking is very liable to be broken. Even if this does not occur on both sides 
in the same place, it is likely to cause leaks. On practically all tanks, due to pipe 
connections, ladder connections, roof framing, etc., it is almost impossible to 
make the caulking continuous both inside and outside. Thus specifying inside 
and outside caulking and trusting to luck will not make a liquid-tight tank. 


VERTICAL CYLINDRICAL TANKS 


1. Tank Size.——The most common of the vertical cylindrical tanks are water 
storage tanks and are commonly known as standpipes. The height and diameter 
are determined to meet local requirements. If the elevation of the tank is such 
that just as the standpipe is being emptied the pressure is sufficient to meet local 
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requirements, it is most economical to build a tank of large diameter and low 
height. (If a roof is included, height = about 0.4 the diameter; if no roof is 
included, make height somewhat lower.) On the other hand, if a minimum head 
has to be maintained at all times within the standpipe, to secure the desired pres- 
sure, a smaller diameter tank will be most economical. The minimum weight 
tank will have to be found by comparing trial designs. For designs quite similar, 
the cost will vary about as the weight. 

The desired net capacity is determined in various ways, mostly by off-hand 
and arbitrary methods. It should be determined by computing the most econom- 
ical tank when the plant as a whole is considered. Having the hourly 
requirements, the capacity of the tank should be such as to give the’ most 
efficient operation of the water plant as a whole and, at the same time, a proper 
margin of safety should the source of supply be cut off for a time. Too fre- 
quently the capacity of the tank is so small that the pumps have to be operated 
the full 24 hours of the day. A large tank would eliminate the night turn and 
help out at peak loads, thus allowing the pumps to operate at more nearly 
their maximum efficiency. 

The cost of the standpipe, its foundations, and special supply main should be 
compared with the cost of an elevated tank of the same net capacity. By select- 
ing the proper location for an elevated tank, a saving can be frequently made in 
the cost of the supply main and reduce friction losses. 

2. Size of Plates.—It makes a better appearing tank to have the net width of 
the various rings the same. The lengths of the plates should be from 17 to 20 
ft. Shorter plates make an undue number of plates to handle and an excess of 
vertical joints to be riveted and made tight, while plates longer than 20 ft. are 
difficult to handle both in the shop and field. Plates as wide as 8 to 9 ft. are often 
used but there is a great deal to recommend in the 6-ft. width, except perhaps on 
heavy plates where high efficiency butt joints are used or on very high tanks. 
The 6-ft. width can be handled quickly both in the shop and field and permits 
the thickness to be changed so as to have an economical design. Last, but not 
least, this width is rolled by all plate mills, being the maximum width for many 
mills. Thus advantage can be taken of steel prices and freight rates on 6-ft. 
plates and with the prevailing high freight rates, the latter makes a marked 
difference in cost. Frequently better deliveries can be had on this width as 
the plates can be bought from a large number of mills. 

Plates of usual thickness, after allowance has been made for edging and bevel 
shearing, net about 3 in. less than their ordered width (see Fig. 1 for edging of 
various sized rivets). 

3. Thickness of Plates and Designing of Vertical Joints.—Having selected 
the diameter of the tank, its height, the number of rings in the tank, and the 
number of plates per ring, the thickness for each ring can be found by means of 
the following equations and Tables 1 and 2. 


S = 2.6HD ae 

ges 2 oe (2) 

t= Te (3) 
S 2.6 D 

t= we a (4) 
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Where 


S = stress per inch of vertical height of shell. 

D = diameter in feet. 

H = maximum head of water in feet above 
point. 

= stress per square inch in plate. 


| 


u = allowable unit stress in pounds per square 
inch. 

T = gross thickness of plate in inches. 

t = effective thickness in inches. 


P*-—Rivet Diameter 


e = efficiency of riveted joint. 


By taking the value of t, found by eq. (4), the gross 
thickness, riveting, etc., can be selected from Table 1 
or 2, to meet the required unit stress. The best speci- 
fications call for a unit stress in water tanks of 12,000 
to 15,000 lb. per sq. in. with no additional allowance 
for corrosion. Another method is to permit a unit 
stress of 15,000 to 21,000 lb. per sq. in. with 17, to 1 
in. added to the computed gross thickness for cor- ae 
rosion. The first method is preferable and more work- 
able as it gives a more balanced design. As corrosion is never as severe at the 
joint as in the main body of the plate, there is really extra metal in the body of 
the plate to offset corrosion. In large field oil tanks unit stresses of 27,000 to 
29,000 lb. per sq. in. are frequently found, but these stresses are not advisable. 

If the unit stress is to be adhered to absolutely, some allowance must be made 
in the net thickness in the general design, due to the fact that in detailing the 
joint, the ideal rivet pitch as given in Tables 1 and 2 cannot be maintained. 
However, the variation from the ideal pitch of a lap joint will not usually change 
the unit stress more than 2 per cent. 

The details of a vertical joint can be checked as follows: Assume D = 30 
ft., H = 57 ft. 6 in., allowable unit stress in plates = 12,000 lb. per sq. in., 
allowable shear on rivets = 9,000 Ib. 


Minimum Edge Distance for Caulking 


By eq. (4) we have 


, _ 26HD _ (2.6)(57.5)(30) 


12,000 = 0.373 in. 


Going to Table 1, we find that 14-in. plates with 4 rows of 34-in. diameter rivets 
pitched 3.53 in, have an effective thickness of 0.376 in., while }4-in. plates with 
4 rows of 3¢-in. diameter rivets pitched 4.61 in. have an effective thickness of 
0.391 in. and 17%>-in. plate with four rows of 5¢-in. diameter rivets pitehed 2.48 
in. have an effective thickness of 0.371 in. Due to the saving in metal and the 
fact that 5¢-in. bolts are somewhat light to draw 17%»-in. plates, the 14-in. 
plate will be used, 
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From Fig. 1, the edging for 34-in. diameter rivets is 14-in. The standard 
allowance for bevel shearing is the thickness of the plate, or 14 in., making 134- 
in. allowance at each edge of the plate. Assume the plate to be ordered 6 ft. 
wide. This makes a net width of 5 ft. 814 in. It is the best practice to make the 
Spacing across the end uniform. Nineteen spaces will make a rivet pitch of 3.6053 
in. and twenty spaces will make a pitch of 3.425. As 3.6053 in. is nearest the 
ideal pitch of 3.53 in. it will be adopted. | 

Further investigation can be made if conditions seem to warrant it as follows: 


S = 2.6HD (1) 
\ 20 aap 
—t ~ @-aF 3 
_ SP 

$e (6) 


Where 

p = pitch of rivet in any one line of rivets in inches. 
d = diameter of rivet hole in inches. 
n 
a 


shear on rivet in pounds per square inch. 
number of rivets in given pitch. 

= cross-sectional area of rivets in square inches. 
S, s, H, D, t, and T have values previously given. 


Assuming the diameter of the rivet as 34 in. and diameter of rivet holes as 34 + 
4g = 3 in. 
S = 2.6 HD = (2.6)(57.5)(30) = 4,485 Ib. per in. 
fe (4,485) (3.6053) 
~~ (3.6053 — 0.875) (0.5) 


Sp (4,485) (3.6053) : 
A Te lhe: 40.4418) = 9,125 lb. per sq. in., shear on rivets. 


= 11,825 lb. per sq. in. 


It will be noted that the shear on the rivets is 1.4 per cent over the assumed unit 
stress for shear. The other rings can be designed similarly. For the top rings, 
one row of rivets will be found to be sufficient and plates less than 14 in. thick 
will meet the required unit stresses, but it is best not to have plates less than 14 in. 
for water tanks and 3/, in. for oil. Frequently, 54, in. or 3¢ in. are the minimum 
thicknesses permitted. This depends upon the nature and size of the tank. It 
is practically always found that the upper plates of a water tank which are alter- 
nately wet and dry show signs of corrosion before the plates that are always 
immersed. 

Where either the height or diameter is large so that plates much thicker than 
1g in. are required, it is best to use high efficiency butt joints in the vertical seams. 
Table 2 gives the properties of this type of joint. It will be noted that efficiencies 
greater than 90 per cent are readily obtained. At first glance, ‘Table 2 seems to 
be inconsistent with Table 1 as the rivet hole is taken only 1/, in. larger than the 
nominal diameter of the rivet and the area of rivet as the area of hole. For lap 
joints and light plates, the holes are punched full size and are not usually reamed 
in the shop or field. Thus the area of the rivet is assumed for the nominal diam- 
eter. With heavier plates, however, where butt joints are used, the holes are 
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practically always sub-punched, and reamed, or drilled from the solid. This 
insures uninjured metal around the rivet hole and as the rivet will have to fill the 
full-sized hole, its area can be taken the same as the hole. This is in accordance 
with the American Society of Mechanical Engineers’ specifications for boilers. 
This high efficiency butt joint is used extensively on large boilers that are subject 
to very strict specifications and inspection. 

A glance at Fig. 1 will reveal that the.edge distance is slightly less than 114 
times the diameter of the rivet in some cases. This is done to facilitate caulking 
as it tends to prevent the plates springing apart when fullered. This in no way 
impairs the strength of the joint as the plates are always sufficiently thick for two 
or more rows of rivets at the same pitch. 

It will be noted that Tables 1 and 2 are based on the following: Tension of 
plate = 1.0; shear on rivet = 0.75; bearing = 1.5. These ratios are in accor- 
dance with about what is found in general practice. A different set of ratios 
would change the various items in the tables somewhat. 

As previously stated in connection with lap joints, it is not possible in detail- 
ing a joint to keep the ideal pitch of Tables 1 and 2. There is even more vari- 
ation from this pitch in detailing the butt joint, as the pitch is much larger. A 
change from the ideal pitch of this joint affects the efficiency more than in alap 
joint. It is feasible to use plates ordered about 100 in. wide, especially if there 
are several rings of butt joints. The distance M in Fig. 2 can be increased from 
the minimum distance to the maximum distance allowable for caulking—that is, 
eight times the thickness of the thinnest plate for one row of rivets; and nine 
times for two or more rows for oil, and ten times for water. With this adjustment — 
in the distance M at each end and the variation of the pitch that can be had by 
changing the end detail, as will be explained later, the ideal pitch as given in 
Table 2 can be approached very nearly. If it cannot be followed exactly, it is 
usually better to adopt a pitch less than that in the table. If the rings are alter- 
nately in and out, as is customary where butt joints are used, both ends of the 
butt straps will be similar, except in the bottom ring due to the bottom angle. 
When the rings build in or build out—otherwise known as telescopic or shingle 
rings—the end details of the butt straps will be different. 

In joint B4, it will be noted that there is 3g of a pitch P after the distance M 
before the integral pitches P begin. This could just as well be 14, 5¢ or 3% P. 
If both ends of the butt straps are similar, the net width of the plate will be taken 
up by 2M plus a number of integral pitches P and twice 34, 5g or 7g P, whichever 
gives the nearest ideal value for P. 

In exceptional cases, it may be best to make, say 3g P at one end and 5 P at 
the other, thus making the two ends of the butt strap different. Similarly 4 
and 34 P can be used for B3, and \%, 34, 5¢ or 74 P for joints B4, Bd or Bb. 

In some cases, in order that the plates can be sub-punched on a special spacing 
machine, it is necessary that the distance M be equal to the rivet pitch in the 
outside row of the narrow butt strap. This adds another condition so that it is 
quite hard to design the joint and keep the efficiency as shown in Table 2. 

At the top of the joints, B3, B4, B5 and B6, the narrow or caulked butt strap 
extends up over the roundabout seam while at the bottom it is scarfed to tuck 
under adjacent ring. At the top it is necessary to use a steel plug commonly 
called dutchman, 2 or 3 in. long, to fill the open space between the main shell 
plates. This plug should be made of such size that it can be securely driven into 
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place and then caulked. Note that the top edge distance of the narrow butt 
strap is slightly less than the edging on the main plate with which it is in contact, 
so that it can be caulked across the end. In some cases it may be necessary to 
make the edging on the main plate a little more than standard so as to get this 
result. 

In the figures for joints B3, B4, B5, B6, the top and bottom ends are shown 
differently for economy of space. , 

If the pitch adopted varies more than 44 or 4 in. from the ideal pitch in the 
table, the joint should be checked for unit stresses. 


4@13"=4:4° 
Fie. 2A. 


Illustrative Problem.—Assume a tank 30 ft. in diameter and a joint with a head of 75 ft., 
allowable tension on plate = 12,000 lb. per sq. in., shear on rivets = 9,000 lb. per sq. in., 
bearing = 18,000 lb. per sq. in. 

From eq. (1) 


2.6HD = (2.6)(75)(30) = 5,850 lb. per in. 
From eq. (4) 
2.6 HD _ (2.6)(75)(30) 


Sadia 12,000 


= 0.487 in. 


Referring to Table 2, it is found that a 144g in. plate with joint B4, and with four rows of 
84-in. rivets pitched 13 in. has an effective thickness of 0.488 in. Assuming the ordered 
width of plate is 72 in., and allowing }4-in. at each edge for bevel shearing and 1}4-in. 
edging for 34-in. rivets, the net width of the ring would be 6844 in. Using M = 33¢ in. 
there would be four integral pitches at 13 in. and 3¢ of a pitch at each end (see Fig. 2A for 
layout of joint). 


P = pitch in outside row = 13 in. 

= diameter of rivet hole in inches = 0.8125 in. 

= area of rivet hole = area of rivet = 0.5185 sq. in. 
thickness of shell plate = 0.53125 in. 

thickness of wide butt strap = 0.4375 in. 

shear on rivets, allowable = 9,000 lb. per sq. in. 
tension on plate, allowable = 12,000 lb. per sq. in, 
bearing, allowable = 18,000 lb. per sq. in. 

= effective thickness of plates in inches. 

c = value of a rivet in single shear. 


From the above S = 5,850 Ib. per in, 


foul 


a Worse Pa 
I! 
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PS = (5,850)(13) = 76,050 lb., total stress in plate center to center of two outside 
rivets. 


Lee 76,050 = 11,750 lb Nt oi : 
(P—a? ~ (3—0.8125) (0.5313) ~ 2b . per sq. in. in plate between two outside 


rivets. (Row A.) 
¢ = (9,000) (0.5185) = 4,667 lb. value of one rivet in single shear. 
PS —c 76,050 — 4,667 ae: 
( —2a)T ~ (11.375) (0.5313) = 11,825 lb. per sq. in. in plate between two rivets. 


(Row B.) 


PS — 3c 76,050 — 14,000 py, Shs 
@ —4a)T = (9.75) (0.5313) = 11,975 lb. per sq. in. in plate between two rivets. 


(Row C.) 
_PS=— 3c 76,050 — 14,000 


B= (8d T) = (8) (0.8125) (0.5313) = 17,900 lb. per sq. in., bearing on rivets that 
are in double shear. 
. 4,667 : : 3 oP 
Bl = = 15,300 lb. per sq. in., bearing on rivets in single shear in a 


(0.8125) (0.375) 
wide butt strap. 

The unit stress in the wide butt strap between two rivets in the row next to the center 
line (Row D) of the joint is 

(a) 144(PS — 3c) + 3c =m 34(76,050 — 14,000) + 14,000 

(P —4d)b (9.75) (0.4375) 
two rivets in wide butt strap. (Row D.) 
PS — 3c _ 76,050 — 14,000 
164  —— (16) (0.5185) 
in double shear. 

Thus all unit stresses are below the allowable so that the joint is satisfactory. It will 
be noted that in designing this type of joint, a length P is taken as a unit and the stresses 
worked out accordingly. In statement (a) it is assumed that one-half of the stress remain- 
ing, after the value of three rivets in a single shearis taken from the total stress 76,050, is 
carried by the narrow strap and the other half is carried by the wide half. In addition the 
wide strap has to carry three rivetsin single shear. This stress is taken care of in a length 
of plate equal to P — 4d. 


= 10,550 lb. per sq. in. between 


= 7,500 lb. per sq. in. shear on rivets that are 


r= 


4. Design of Horizontal Joints.—The rivets in the circumferential seam can 
usually be spaced the maximum distance for caulking—namely, ten times the 
thickness of the thinnest plate for water and eight times for oil—as the only 
function of these rivets is to draw the plates together to make a liquid-tight 
joint. (In high tanks of small diameter this riveting should, of course, be checked 
for wind stresses, see Wind Stresses in self-supporting steel chimneys, Arts. 
34 and 35, Sec. 6.) The rivets in this seam should not be spaced closer together 
than about three times the diameter nor further apart than six times the diameter. 
The spacing in this joint for any one seam should be uniform to eliminate 
expensive fabrication and erection, and aid in getting good fitting holes. It also 
permits the plates to move around the tank slightly should the occasion arise. 
Where there is no roof, or a roof that is not liquid or gas-tight, it is usual to make 
the rivet pitch in the vertical leg of the top angle twice that at the bottom of the 
top shell ring to which it is attached. On the other hand, the spacing in the 
vertical leg of the bottom angle that connects the bottom plates to the first 
shell ring (see Fig. 7, p. 421), should be about the minimum pitch—that is, 2 in. 
for 5¢-in. rivets, 214 in. for 34-in. rivets, 3 in. for 3-in. rivets, and 314 to 314 in. 
for 1-in. rivets. 

This pitch should be used, as the bottom is very rigid when bolted up, and 
there should be plenty of opportunity to pull the first shell ring up to the bottom 


‘414 STEEL AND TIMBER STRUCTURES [Sec. 5-5 


angle. In case the bottom angle is omitted and the bottom plates flanged up to 
make the connection to the first shell ring, the same pitch should be used as 
mentioned above. 

In the vertical leg of theebottom angle, the same size rivets are generally used 
as in the vertical joint of the first shell ring. Likewise the rivets in the cireum- 
ferential seam between the first and second ring are the same size as those in the 
vertical joint in the second ring, and so on for the rest of the tank. The bottom 
angle is usually made one-half to three-fourths as thick as the bottom shell ring 
and it should be of such width as to take one row of rivets easily. A slightly wider 
gage than for structural work should be used so that the rivet heads on the hori- 
zontal leg do not interfere with the driving of the rivets in the vertical leg. 
This also permits of more clearance for the rivets in the splice angles. 

The splice angles that go on the inside of the main angle are of the same 
thickness as the main bottom angles or slightly less. It is not usual to make the 
splice for the full strength of the bottom angles but the splice should be long 

enough to take three rivets on each side of the center line of the splice on each 
leg of the angle. The edging on the splice angle should be less than on the main 
angle so that it may be caulked against the main angle. This point is often 
overlooked in detailing and fabricating but it should be given special attention. 

5. Bottom Plates.—The minimum thickness for bottom plates for water 
tanks should be 34 in., excepting 34, in. may be used for light tanks that have 
3/,-in. plates in the shell. Plates of 14-in. thickness may be used for the bottom 
of oil tanks, (although many oil companies specify 3<-in. minimum thickness) 
in which case the plates that connect to the roundabout angle should be at least 
14 in. thick for large tanks (75 ft. in diameter and up) as there is considerable 
strain on these plates when the bottom is lowered. In water tanks, the tendency 
is to have the bottom plates 54g in. and even 3¢ in., while in oil tanks the tendency 
is to make the plates 14 in. and frequently 5, in. thick. Figure 3 shows some 
of the best arrangements of bottom plates for various diameter tanks, so as to 
have a minimum amount of riveting and caulking and at the same time cut well 
from rectangular plates. Bottoms less than 30 to 35 ft. in diameter may have 
the outer edge flanged up to make the connection to the shell. The flanging is 
usually done cold. 

The rivets should be spaced about the minimum distance in the bottom 
and small rivets used in preference to large, as the smaller rivets with close pitch 
give a tighter bottom. The rivets through the horizontal leg of the bottom.angle 
are usually the same size as the rivets in the bottom plates. Where the thickness 
of the bottom angle is much more than the diameter of the rivet in the bottom 
plating, it is necessary to use a larger size rivet through the angle. 

6. Caulking at Bottom Angle.—The bottom should be caulked on the inside 
unless special requirements necessitate its being caulked on the bottom side. If 
the shell is to be caulked on the outside, a change from the inside to outside 
caulking should be made at the bottom angle. This can be done by caulking the 
major part of the horizontal leg of the bottom angle up to within 2 or 3 rivets of 
the splice and placing a stop-water between the angles and the bottom plate; 
then going on the outside and caulking the outer edge of the bottom plates 
against the horizontal leg of the bottom angle past the splice to a similar stop- 
water on the other side, where again the horizontal leg of the angle is caulked on 
the inside. Where this is done, it is necessary to splice the bottom angle by 
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means of a wrapper plate made in the shape of an angle curved to the diameter of 
the tank and having its ends tapered gradually to the thickness of 1¢ in. or less. 
These wrapper plates are usually about 3¢ in. thick and are placed between the 


5+4" tol F2"Flanged 


de 


20:0°to23:0" 


34-3’ to 40‘0° 
Fig. 3.—Arrangement of bottom plates for various diameter tanks. 


bottom angle and the first shell ring and the bottom of the tank (see Fig. 4). 
Stop-waters are usually made from heavy canvas, soaked in red lead paste. 

The same result can be had by cutting a V-shaped slot into the rivet on each 
side of the splice, if there is a single row of rivets in the horizontal leg of the 
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bottom angle. To do this, cut a V slot from the caulking edge of the horizontal 
leg of the bottom angle at a rivet near the splice. Caulk up to the slot and 
drive the metal well back against the shank of the rivet. Then on the outside 
cut a V slot in the outer edge of the bottom plates at the same rivet, also driving 
the metal well back against the shank of the rivet, 
caulking the splice as described when the stop-waters 
are used. It is necessary to either use the stop-waters 
or these slots to stop the liquid from flowing back 
under the angle and out where the outside caulking 
ceases. The ends of the wrapper plate should be 
caulked against the angle. This will make up-caulk- 
ing on the bottom edge of the first shell ring. This 
must be done before the tank bottom is lowered to 
foundation or grade. 

7. Standard Sized Tanks.—For tanks up to 
Fig. 4.—Showing bottom  1,000,000- and 2,000,000-gal. capacity, where the 

angle and wrapper plate. _ height is less than one-half the diameter, and smaller 

tanks where the height is about equal to the diameter, 

it will often be found that tank manufacturers will have a standard-sized tank 

of a capacity and approximate dimensions desired. This tank can be purchased 

at a less cost and better deliveries made than for a special design that may be 

prepared, as they will have on hand standard detail drawings, templets, and 
perhaps even stock plates to make up the tanks. 

8. Overturning Due to Wind.—In tanks where the height is more than twice 
the diameter, an investigation should be made for overturning due to wind load 
when the tank isempty. It is usual to’consider the wind as acting on the diamet- 
rical cross-sectional area of the tanks. 


Let M = overturning moment due to wind in foot-pounds. 
D = diameter of tank in feet. 
‘H = height of tank and roof in feet. 
W = weight of tank shell, roof and bottom angle. 
w = assumed wind load in pounds per square foot. 
v = uplift per foot of circumference of tank. 


Then 
wDH? 
M = 2 
and 
_ 4M Ww 
0 = xD?” xD 


(See p. 470 for derivation of these formulas.) 

9. Anchor Bolt Connections.—Multiplying the value of v from the above 
formula by the circumference of the tank in feet and dividing by the number of 
anchor bolts, gives the stress in the anchor bolt connection and the anchor bolts. 
Figure 5 shows typical anchor bolt connection that is simple, gives good service, 
and can be readily inspected or painted. It is best to use 30 per cent more 
rivets than obtained from the use of the above formulas, where the angles are 
short. The vertical angle should not come down so as to take the same rivets 
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that go through the bottom angle or so as to interfere with the caulking of this 
angle. 

A wind load of 18 to 20 Ib. per sq. ft. diametrical area is used very extensively 
in tank design. Such experiments as have been made on cylindrical surfaces 
seem to indicate that this is the maximum that can be expected. If the unit 
stress in the anchor bolts is kept at 15,000 to 16,000 lb. per sq. in., this should 
certainly give ample stability. It is best not to upset the ends of the anchor bolts, 
thus allowing extra sectional area in the bolt where it enters the masonry and 
corrosion is liable to occur. 


2 IsOx34e 


Fie. 5.—Anchor bolt connection. 


If high efficiency butt joints are used in the lower rings, the rivet pitch in the 
anchor bolt brackets will have to be watched or the shell plates will be weakened 
at this connection. It may be necessary to use a reinforcing plate between the 
brackets and the shell plate in some cases. The riveting on the vertical edge of 
these plates will have to be similar to that on the edge of the wide butt strap at 
the main joint of the first ring. 

10. Manhole.—If a manhole is used in the first shell ring, it should be rein- 
forced if the shell is 3g in. or more. This plate should also have riveting on the 
vertical edge similar to that on the edge of the wide butt strap. The net section 
through the manhole—that is, through the reinforcing plate, that part of the 
manhole frame in contact with the shell, and the main shell plate in contact with 
the reinforcing plate—should be the same as the net section in an equal height of 
the main plate at the vertical joint. Stated another way, the shell should be as 
strong at the manhole as at the main joint in the plate. 

11. Pipe Connections.—T igure 6 shows three types of pipe connections to the 
bottom. Type (a) permits the bottom to be tested after it is riveted and caulked 
and before it is lowered. It also permits the pipe to be installed easily after the 
bottom is lowered. It has a great deal to recommend it over Types (b) and (c) 
if its projection into the tank is not objectionable. Type (0) is a hat flange for 
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flanged pipe connection, and Type (c) is a flange for screwed pipe. These same 
connections can be used on the shell except the contact face will have to be 
surved for small diameter tanks. 

12. Tank Erection.—The bottom is usually assembled, riveted, caulked, and 
tested, on a frame work or horses about 3 ft. above the foundations or grade. The 
first shell ring and bottom angle are also riveted in place before testing. The 
bottom should be tested with 3 to 6 in. of water, before lowering, to insure its 
being perfectly tight. 


Fie. 6.—Connections to bottom of tank. 


Cribs are now built under the edge of the tank 20 to 35 ft. apart, these cribs 
being built of 6 X 6 timber 214 to 34 ft. long. Beginning at the center, all 
framing or horses are removed by gradually working to the outside, until the 
bottom and first shell ring are resting upon the timbered cribs around the edge. 
Beginning at one crib, the tank is raised with a jack and one layer of 6-in. blocking 
removed from one or two cribs. The jacks are then moved and a layer removed 
from the adjacent cribs, and so on until the tank rests on its foundation or grade. 
Tank bottoms more than 120 ft. in diameter are lowered in this manner without 
springing the caulking. 

When the tank rests on the masonry foundation, it should have a sand or 
a dry grout bed 1 to 114 in. thick. A dry grout (mixed about 1:3) is better than 
wet, as it can be spread more evenly, and will allow the rivet heads and plate 
laps to seat themselves. Wet grout will partially set before the bottom can be 
lowered, especially if the bottom is large. However, a ring of wet grout mixed 
1:2 should extend about 1 ft. under the tank. Wedges can be placed under the 
bottom angle to hold the tank up while this is being placed and allowed to set. 
Any unevenness in the foundation can be taken care of at the time this is being 
done. The main tank shell can be raised into place by one of several different 
methods. Local conditions, size of tank, and other work going on at the same 
time, have so much to do with the method of erection that is to be followed that 
it cannot be said which is the better. Up to about 20,000 rivets, it is generally 
better to use hand methods unless machinery and air equipment are very near 
at hand. In any case, the steel should be well bolted and fit up, so that the plates 
are in actual contact, at all points in the joint—otherwise, the job is sure to leak. 


—— 
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When the tank is more than 50 ft. in diameter, it should have temporary guys 
installed at about 30- to 40- ft. intervals around the circumference, while the thin 
plates are being erected—otherwise, the wind in excess of 20 to 25 miles per hour 
is liable to blow the shell in. After the shell is erected and the roof or top girder 
is in place, there is no danger from this source. One rule for the girder or top 
angle, when there is no roof, is that it should have a section modulus in inches 
cubed, equal to the diameter of the tank in feet squared divided by 250. This 
is quite an arbitrary rule and has very little or nothing to recommend it from the 
theoretical point of view. Tanks without roofs, built with such a top angle or 
girder, have stood for years, and there has not been a single case of trouble to 
the writer’s knowledge. It does not take an excessive amount of material to 
stiffen the top of a tank in this manner. 

13. Tank Roof.—The roof of a tank should be at least 37, in. thick. Many 
tanks have been built with 1¢-in. roof plates or even lighter. The tendency now 
is towards heavier roof plates. It adds only slightly to the cost of the tank to 
have a 34,-in. roof but it adds a great deal to the life of the roof. If a roof is 
needed at all, it should be so constructed that it will last as long as the rest of the 
tank. 

Steel roofs on tanks are usually conical in form. For small diameter tanks, 
a steep pitch 9 vertical, 12 horizontal, is commonly used. This roof needs no 
supports except for erection purposes. Those of flatter pitch, say 4 or 5 to 12, 
need structural supports. These are usually radial channel rafters fastened to 
the tank shell and to a structural ring near the peak of the roof. The frame 
need only be strong enough to support one-third to one-half the usual roof load, its 
chief function being to keep the roof in shape. It is not common to rivet roof 
plates to the framing. 

Large diameter tanks up to 40 or 50 ft. in height have flat roofs with a pitch 
of 114 vertical to 12 horizontal. These have radial rafters and trusses that carry 
the entire roof load. The trusses rest on a single center column while in quite 
large diameter tanks the radial rafters rest on girders which in turn connect to a 
series of columns. It seems to be standard practice to use very high unit stresses, 


20,000 to 25,000 lb. per sq. in. in the rafters, girder and trusses. The z in the 


columns is as high as 180 to 190, although the unit stress in the columns is quite 
low—3,000 to 4,000 Ib. per sq. in. Presumably, the basis for this is that only 
rarely does any considerable load come upon the roof framing and should it fail, 
due to overload, the only damage done is the loss of the roof, while in other classes 
of structures, there would be losses much greater than the loss of the roof. 

Flat bottom tanks up to 40 ft. in diameter can have 34,¢- or 4-in. dome or 
umbrella roofs. The dome or globe roof has the roof plates dished to a radius 
about equal to the diameter of the tank. In an umbrella roof, the plates are not 
dished but the narrow radial plates are laid out so that the roof will have about 
the same shape when assembled as the dome or globe roof. In fact, after being 
erected it is quite difficult for an experienced tank builder to distinguish a dome 
roof from an umbrella roof. In the above roofs, the plates are flanged or bent 
in each case so as to connect to the outstanding leg of the top shell angle. These 
roofs have no supporting framing but they make a very excellent roof up to 40 ft. 
in diameter. They make a more pleasing appearance to the eye than a conical 
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roof. Fora roof fora 40-ft. tank with a center saucer plate about 6 ft. in diameter 
the radial plate would be about 18 ft. long, this being about the maximum length 
that cuts economically from rectangular plates and handles readily. 

Most roofs for water tanks are riveted so as to be weatherproof only. Some 
roofs, as for molasses tanks, should be made absolutely waterproof as a small 
amount of leakage would cause the molasses to ferment. Oil tank roofs should 
be absolutely gas tight to prevent waste due to gas escaping. It is also found that 
when there is a gas-tight steel roof on an oil tank there is very little or no danger 
of fire due to lightning or other causes. Acid tanks should have an air-tight roof. 

14. Rivets Used in Tank Construction.—Rivets are manufactured, generally 
either button or cone head, although there are several other special shapes for 
which there are claimed to be certain advantages. Better than 90 per cent of all 
rivets used in tank construction are either cone or button head. Cone head 
rivets are usually bucked up with a flat faced bar while the button heads are bucked 
up with a die. Between the two kinds there is a slight preference for cone head. 
The formed heads are either steeple, flat, Liverpool, or button, the first three 
being used with cone head rivets and the latter with button head rivets. Good 
riveting can be done with either type of rivets. 

15. Scarfing.—Wherever a lap joint is made the corner that comes between 
the other thicknesses should be scarfed out to a thin edge, 1¢ in. or less. There 
should be a gradual, fairly long taper to the scarf so that the lap can be laid up 
evenly. The scarfed edge should extend out beyond the caulked edge of the 
outside plate. Where the rings are alternately in and out, both corners at one end 
of the plate will be scarfed and if the rings build in or build out, the diagonally 
opposite corners should be scarfed. It is usual to heat plates over 54g in. thick 
to a cherry red for scarfing. 

16. Tank Foundations.—There is a wide variation as to the type and size of 
the foundation for a flat bottom tank—more so even for foundations that do not 
require anchor bolts than those that do require them. It is quite common for 
tanks up to 35 ft. in height to have a flat slab foundation about 1 ft. thick extending 
out 1 to 114 ft. beyond the tank all around, with a ring wall 14% to 214 ft. thick 
going 3 to 5 ft. into the ground (see Fig. 7). In this way the tank is 6 to 12 in. 
above the ground level. If the ground has unequal supporting power, this 
foundation will settle unequally and crack. With moderately good soil, how- 
ever, this settlement is rarely enough to be serious. Some tanks are placed 
directly upon a grade. An area is leveled off and 6 in. or more of gravel is 
usually placed upon the grade. This is the only foundation used for a great many 
oil tanks. Many of these are 120 ft. in diameter and 45 ft. high. It is very 
essential if the roof plates are to fit and the roof give good service and that the 
tank will hold its rated capacity, that the grade be exactly level—otherwise, the 
top of the tank cannot be made round and the roof, consequently, can not be 
made to fit. The tank will change shape as it is filled and damage the roof. 

A grade for a high tank is sometimes made by building a ring wall about 18 in. 
thick and 5 to 6 ft. deep with the inside diameter equal to the diameter of the tank 
plus about 6 ft. The earth inside the wall is then excavatd and filled either 
with coarse gravel or coarse crushed rock. It is best to have no pipe openings in 
the tank bottom but have all pipe connections in the first shellring. This founda- 
tion has been used for tanks 30 ft. in diameter and 65 ft. high. Care should be 
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taken that the bottom of the foundation is well drained by being connected to a 
sewer or other outlet. Many tank foundations are made of mass concrete 5 to 
6 ft. in depth. It is very unusual to use reinforcing steel in flat bottom tank 


foundations excepting at the pipe 
tunnel. 

Where anchor bolts are re- 
quired, the foundation is of mass 
concrete 6 or 7 ft. deep. In ex- 
ceptional cases, it may be 10 ft. 
deep. It is economical to make 
these circular in shape. The 
base diameter should not exceed 
the top diameter by more than 
twice the depth of the founda- 
tion, thus keeping the slope of 

_the sides to less than 45 deg. with 
the vertical. 

The overturning moment is 
found the same way for anchor 
bolts and for anchor bolt con- 
nection brackets excepting the 
thickness of the foundations is 
added to the moment lever arm. 
If M = overturning moment in 
foot-pounds, H = height of tank 
in feet, D = diameter of tank in 
feet, h = depth of foundation in 
feet, f = diameter top of founda- 
tion in feet, F = diameter base of 
foundation in feet, w = wind 
load on diametrical sectional 
area of tank in pounds per 
square foot, W = weight of steel 
in pounds, and ps, Pm, Pw, and 
pr» = soil pressure in pounds per 
square foot due to steel, masonry, 
wind and water, respectively, 
we have 


Fia. 7.—Part section of tank and foundation. 
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For stability when the tank is empty, pp + Pm>Pw and Ps + Pm + Prt Du 
should be less than the allowable soil pressure. 

In the above computation, it is assumed that the axis of rotation for the wind 
load passes through the center of the base. It is contended—and somewhat 
correctly—that the axis of rotation would shift to the leeward before overturning 
would take place when the tank is empty, as the soil on the leeward side would 
not be loaded to full capacity, thereby decreasing the uplift on the windward 
side of the foundation. It is uncertain just how far the axis of rotation would 
shift leeward before the danger point is reached and as it adds to the factor of 
safety to follow the criteria given above they are generally accepted as giving 
a proper design. 

It is common to use 1:2:4 mix of standard material for concrete tank founda- 
tions, the top and sides exposed to view being given a sidewalk finish. Anchor 
bolts should extend down to within 1 ft. or less from the bottom, and they should 
have a nut or head with a washer on the lower head to insure a good grip on the 
concrete. The pipe tunnel should be made just large enough so that the pipes 
can be put in place, as it is rare that they need further attention. A small 
tunnel tends to prevent freezing in a cold climate. A minimum amount of roof 
slab should be omitted where the pipes connect to the tank, particularly on tanks 
more than 30 ft. high. A large opening in the slab would cause the tank bottom 
to spring and perhaps leak, and would also throw an excess load on the pipes and 
cause the connections to leak. Reinforcing steel should be used in the top slab 
of the pipe tunnel and, almost always, it should also be used in the floor of this 
tunnel. 

17. Tank Accessories.—An outside ladder coming within about 10 ft. from 
the ground should always be included. A very good ladder can be made with 
side bars, 244- X 3¢- in. with 5¢-in. square rungs 14 in. long, spaced 12 in. center 
to center. The corner of the rungs being turned up, there is a very secure feeling 
when the foot is placed on this rung as there is no tendency to slip even in wet or 
icy weather. The ladder should be fastened to the tank every 12 to 16 ft. 
A ladder on the inside may be advisable if there is no manhole in the bottom shell 
ring of the tank. The inside ladder should always be omitted if bad ice conditions 
are to be met. A revolving ladder on the roof or a painter’s trolley should always 
be installed. This trolley can be made from a curved angle fastened to the tank 
shell by short lug angles spaced about 2- or 3-ft. centers, the vertical leg of 
the curved angle being turned up. A light traveler with two wheels should be 
installed on this angle. The traveler should be so constructed that it cannot be 
easily removed after once in place. A painter’s trolley should also be installed 
on the inside of the tank, particularly if there is no inside ladder. 

There should be an overflow on all water tanks. If this is allowed to 
discharge into the open near the top of the tank, it is the nearest to infallible of 
all indicators. On high tanks, due to local conditions, it may be necessary that 
the overflow be brought down on the inside of the tank and be allowed to dis- 
charge underground into a drain. This is not a desirable arrangement as the 
overflow pipe inside the tank may be broken and drain the tank. 

There are several forms of apparatus to indicate the elevation of the water in 
the tank, none of which are infallible, under all conditions, in all climates, and at 
all times. A target that slides on a scale and is attached to a float is quite com- 
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monly used. When properly made and installed, it gives reliable indication 
except that with certain ice and weather conditions it is troublesome. There are 
many forms of spring gages, all of which can be said to be about equally poor. 
The proper kind of mercury gage correctly installed and connected gives about 
the best readings of all the telltales, and is more easily checked, adjusted, and 
repaired if necessary. 

There are other tank accessories with which tanks may be equipped as the 
occasion may arise, but being mechanically operated, they need attention from 
time to time, so should be avoided if possible. 


ELEVATED TANKS AND TOWERS 


Elevated tanks are used mostly for the storage of water, although many 
are used to store such liquids as acids, alkali, alcohol, molasses, gasoline, benzine, 
etc. The principal reasons for their use are: (1) Their capacity is stored at any 
desired pressure economically; (2) the entire capacity is available for use; (3) 
the maximum pressure will be but slightly above minimum pressure, thus giving 
efficient operation of the pumps; and (4) the tank when filled depends only upon 
the unfailing law of gravitation for its pressure. 

18. Capacity and Height of Tank.—The capacity and height to the bottom 
are determined from a consideration of the service of the tank. In sprinkler 
service, these are fixed by the rulings of the insurance company having jurisdic- 
tion. For municipal, factory and such service, the capacity should be based on 
the hourly consumption, the tank being sufficiently large to aid at peak loads and 
so that the pump may be closed down entirely at the off hour, thus getting the 
most efficient operation of the plant. The tank should also be large enough to 
take care of the immediate future demands, and give a margin of safety should 
the pumps be stopped for a short interva]. The elevation of the bottom depends 
on local conditions, about 100 ft. to the bottom being a common height where the 
mains are level in municipal installations. In any case, the tank’s height should 
be such that the proper service is given at all points in the system. The mains 
at the lowest point should be of such weight as to stand the pressure when the 
tank is full. There is a large tank in a city of over 200,000 population that can 
be filled less than one-tenth full as the city mains will not stand the pressure. 
If the tank is to act only as an equilibrant of pressure, as a surge tank on a 
hydroelectric development, it need have only a small capacity in relation to the 
water used. By using the tank as a reservoir, high-duty, highly efficient pumps 
may be operated at their best efficiency. This is a question that should be solved 
on a scientific basis for each installation and not be determined in a hit-or-miss 
manner. 

19. General Shape of Tank.—The height to the bottom and capacity fixed, 
the general shape can then be decided. There are two types of elevated tanks, 
the flat bottom tank resting on a steel grillage and those with a suspended bottom 
having no grillage. The latter are much more commonly used, due to a saving 
in metal and cost for a given capacity, and because the bottom can be inspected 
and painted more readily and thoroughly. The suspended bottom can be classed 
as hemispherical, segmental or elliptical, and conical. In general these all have 
a cylindrical shell but occasionally for advertising purposes may be built with a 
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special bottom or shell to represent some object as a sack of flour, milk bottle, beer 
bottle, roll of roofing paper, can of cocoa, tub or can of lard, or anelectric light bulb. 
The hemispherical and elliptical or segmental bottoms are more commonly used. 
The conical bottom tanks are used almost entirely on railways where water 
carrying considerable sediment is frequently found. The slope of the conical 
bottom permits the mud to collect at the apex of the bottom or at the bottom of 
the 4- to 6-ft. diameter riser. This sediment then can be removed from time to 
time through a washout valve. 

In hemispherical bottom tanks, the ratio of the height of the cylindrical shell 
to the diameter is approximately 1:1 for smaller tanks and 114:1 for those of 
over 100,000 gal. capacity; while in elliptical bottom tanks, the ratio of the shell 
height to the diameter is approximately 0.6:1 for tanks less than 150,000-gal. 
capacity and 0.5:1 for tanks of 150,000 gal. and greater. The theoretical drop 
of the bottom from spring line for hemispherical bottom tanks is one-half the 
diameter and usually about one-fourth the diameter for elliptical bottom tanks. 
Tanks less than 30 ft. in height to the bottom commonly have vertical posts. 
For higher tanks, the tower posts are battered. The batter in a plane passing 
through a column and the vertical axis of the tank is about 114 to 114:12 for 
hemispherical bottom tanks up to about 500,000-gal. capacity and 1:12 for 
larger capacity hemispherical tanks, and for all elliptical bottom tanks. This 
batter decreases the wind stresses in the tower and makes a better appearing 
structure. 

20. Tanks of Standard Size and Shape.—Ordinarily, if the capacity and 
height to the bottom are determined, a standard size and shape tank can be 
purchased more economically, and better delivery secured, than if a special design 
is made calling for new drawings, detail plans, templets, special fabrication and 
erection. These are very expensive when made for a single structure, being 
from 20 to 50 per cent of the purchase price in some cases. However, due to 
crowded conditions, large capacity or special use, it may be feasible to make a 
special design. 

21. Tank Bottom.—The hemispherical is the most common of all elevated 
tanks. There is usually a dished circular plate at a lower point in the bottom 
called saucer plate. Plates with radial seams make up the rest of the bottom. 
When these become more than 18 ft. in length, there are usually two sets with a 
horizontal seam between the spring line and the saucer plate, thus making plates 
that can be dished and reducing the length of seam in the bottom, as wider plates 
can be used near the saucer than if the plates were in one length. 

By making the plate arrangements as shown in Fig. 8 the tower can be erected 
first, then the balcony, then the first vertical shell ring, then the bottom plates 
that are fastened at the spring line, and finally the saucer plate. Absolutely no 
rivets whatsoever should be driven in this part of the tank until all bottom plates 
are bolted in place and the holes made fair. As it is only possible to caulk at the 
spring line and at the post to tank connection on the inside, it is universal 
practice to caulk elevated tanks on the inside only. 

Table 38 gives the basis for the design of all the parts of the tank and tower. 
It is usual to figure the stress at any point in a hemispherical bottom as at a point 
in a sphere. Thus the stress is one-half what it would be in a cylindrical tank of 
the same diameter and head as at the point in question. Thus the bottom 
plates are somewhat lighter than the first shell ring. The unit stress on the 
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effeetive thickness of the bottom and first shell ring should be about five-sixths 
what it is in the shell of the tank, to take care of any secondary or additional 
stresses that may occur in the tank, the rest of the shell being designed for the 
usual unit stresses for cylindrical tanks. The shell rings are usually placed out- 


Rivets 2 


Fic. 8.—Post to tank connection for 100,000-gal. tank. 


side the ring just below so as to make down caulking in the roundabout. The 
circumferential seams should have about the minimum rivet pitch of three 
times the diameter of the rivet. The rivets should be pitched equally in any 
one seam. 

The rivets in the seam at the spring line should likewise be at minimum pitch 
but it is not possible to keep the rivet pitch uniform or even a pitch less than ten 
times the thickness of the bottom plates, on account of the post to tank connec- 
tion. There will be two pitches at each column equal to twice the gage of the 
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column to tank connection angles plus the thickness of the web of the columns. 
The rest of the rivets in the top of the bottom plates should be spaced about the 
minimum when one row is used. The tops of all bottom plates are usually made 
alike so the wide space mentioned above occurs twice in the top of each bottom 
plate. This is not objectionable as the plate is backed up by the column or the 
angle at this connection, so that the plates cannot spring apart when fullered 
and caulked. The riveting at the spring line should be checked on large tanks 
to see that it will carry the weight of the water in the tank. These rivets 
should not be too small as they go through the bottom plates, shell rings and the 
balcony angle, and at the splices there are four thicknesses of material. Thus it 
is often advisable to use the next larger size rivet than would be used ordinarily. 
In an elliptical bottom, the stress should be computed at several points (from 
8 to 10) along a radial seam and an average taken. The equation for this is 
2 
Peco? — 2.6HD sec 6, as given in Table 3. It will be noted that at the point 
of compound curvature, the stress theoretically changes sign and is a maximum. 
As a matter of fact, in the way that the plates are dished at the shop, the change 
in radius is gradual, taking place over a length of plate of 3 ft. or more. Thus, 
there would not be a reversal of stress at a point or a maximum compression just 
to one side of a point with a high tension stress at the other side of the point. It 
has been found that to take an average of the compression stresses and take an 
average of the tension stresses, the highest of these averages being used in designing 
the bottom, gives a safe and satisfactory design. Such extensometer measurements 
with which the writer is familiar would seem to indicate that this is about correct. 

It has been arbitrarily established that in tanks having a water leg or support- 
ing cylinder, this cylinder carries a cylinder of water in the tank whose diameter 
is about 4 ft. greater than the diameter of the water leg. This has given very 
satisfactory results in a large number of tanks that have been installed. The 
large majority of these tanks are under 30 ft. in diameter. For tanks over 30 ft. 
in diameter, it would seem that a larger cylinder of water would be supported by 
the water leg. Such extensometer measurements as have been made would 
indicate that better than one-fourth the tank capacity was supported by the 
water leg. Thus, for a tank 30 ft. in diameter and over the water leg may be 
considered as supporting a cylinder of water in the tank equal to one-third 
the tank diameter. At least, the foundation under the water leg should be 
sufficient for such a load. 

Conical bottom tanks are rarely in excess of 30 ft. in diameter and the water leg 
is considered to support the same diameter cylinder of water as in elliptical bottom 
tanks. The slope of the cone is usually 45 deg. from the vertical, there being a 
curved portion connecting the cone to the first shell ring to a radius of about 
one-fifth to one-sixth of the diameter of the tank. These tanks are not usually 
made so large that the stress in the bottom becomes a matter of much importance. 
Table 3 gives the equation for finding the stresses in the bottom. 

Excepting for the bottoms, the other features of all tanks are similar and will 
be discussed collectively except where mentioned otherwise. 

22. Balcony Girder.—There should be a balcony girder or angle (minimum , 
width of horizontal leg = 5 in.) at the spring line of all tanks where the posts are 
vertical. For large capacity tanks a Z-section of two angles should be used at the 
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spring line. Technically there may not be a need for this but it is certainly in 
keeping with good judgment to have such a member to keep the tank in its 
true shape. 

The minimum width of balcony or horizontal girder is 24 in. This is about as 
narrow as will give sufficient freedom for inspection and painting of the tank. 
The balcony is riveted up in sections with the field splices just back of the post 
to tank connection (see Fig. 9). This permits the balcony being put in place 
as soon as the top column sections are in place. The girder rests on horizontal 
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Fic. 9.—Balcony girder for 100,000-gal. tank. 


shelf angles shown in Fig. 8 and has a web and outer flange splice at this point. 
Shelf or horn angles should be shop riveted to the upper tower sections with suffi- 
cient rivets to take all of the thrust due to the batter of the tower columns. In 
some designs, this is a very troublesome detail to get secure and should be watched 
carefully in all cases. The balcony outer flanged splice should be strong enough 
to take the maximum stress as it is at the point of maximum moment. Whena 
channel is riveted to one side of the flange only, about 60 per cent of the channel 
area should be considered effective. A channel in this position gives vertical stiff- 
ness to the outer flange with a minimum amount of material, and makes an ideal 
member for connecting the hand railing. A design of a structural hand railing 
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is shown in Figs. 10 and 14. This is a good type of railing and has the added 
feature of stiffening the outer balcony flange. 

The balcony is riveted to the tank by means of a single angle. This angle 
should be of such size and thickness as to be in keeping with the rest of the bal- 
cony design. Drain holes are punched in the balcony web at about 1-ft. centers. 


Fic. 10.—Balcony hand rail. 


23. Tank Roof.—At the top of the tank, there should be an angle to which 
the roof connects or to act as a girder if there is no roof, the same rule applying 
to the top angle or girder when roof is omitted as in flat bottom tanks—namely, 
the section modulus in inches cubed, should be equal to the diameter in feet 
squared divided by 250. This angle is placed most frequently on the outside of 
the tank, and the roof plates are connected to it by means of bent bolts or by 
special bolts having the head set at the angle of the roof. A common pitch 
for the roof is from one-sixth to three-eighths, the flatter roof making the better 
looking tank where the bottom is shallow. The roof plates should not be less 
than 3{¢ in. thick, although many roofs are made with }¢-in. material, as aften 
there is considerable condensation on the under side of the roof that tends to 
cause corrosion. There should be sufficient framing under the roof so that it 
may be erected readily, and help keep it in shape for slight concentrated load. 
A 3{g-in. cone roof of the pitch mentioned is practically self supporting up to 
30 ft. in diameter for one-sixth pitch and up to 50 ft. for three-eighths pitch. 
For tanks with the above style roof, the framing usually consists of radial angle 
or channel rafters spaced about 6 ft. center to center at the outer end and con- 
necting into a structural ring near the center. For large roofs, the supports are 
trusses or have a truss effect. 

The roof should project 6 in. when the columns are vertical and when there is 
no balcony and should extend out to within about 6 in. of the outer edge of the 
balcony for best appearances. 

24. Number of Plates in Each Shell Ring.—Each ring of the tank shell should 
have the same number of plates around as there are columns, the post to tank 
connection being in the middle of each plate of the first shell rng. The maximum 
length of plate is about 22 ft. There should not be less than four columns. 
A 3-post tower has considerable to recommend it for small capacity tanks but the 
wind stresses are high and its appearance, when the line of vision is parallel to 
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one side, is so objectionable, that it is rarely built except for very special cases 
as over the corner of a low building. 

25. Tank to Post Connection.—The tank to post connection is the most diffi- 
cult detail in tower and tank design. The choice of the section to make up the 
tower columns, the batter of the column, and the balcony sections depend mate- 
rially on this detail. None of these should be fixed until this connection is com- 
pletely detailed. The shear on the rivets connecting the tank to the connection 
angles should be only about 6,000 lb. per sq. in. Every detail should be examined 
carefully to see that it is entirely safe and will go together properly. Figure 8 
shows a form of this connection that has given very good satisfaction on many 
installations. All the best forms of this connection are quite similar to the details 
shown. There should be about 25 per cent more section opposite the spring line 
than in the main body of the top column. This connection should be made so 
that the center line of the column, center line of the balcony girder web and the 
outside of the first tank shell are concurrent—otherwise there would be bending 
strains in the columns. 

26. Tower Columns.—The tower columns are made of various shapes. 
Two channels laced two sides or a cover plate and laced one side are commonly 
used. For large capacity tanks, a section built of two web plates, four angles and 
a cover plate are common. When a cover plate is used, it brings the center 
line of the column near the inside face of the column, which is an advantage in 
detailing the upper end of the top panel tower column. A single angle or two 
angles are sometimes used for a column for small tanks, also H-sections are used, 
but neither of these permit of a good post to tank connection or of a combined 
strut and rod connection. They are also more expensive to erect as they cannot 
be scaled as well as columns with lacing. 

The splices in the columns should be just above the strut connection, but as 
near the center line of the strut as possible. This splice and strut connection 
needs to be designed very carefully so that the tower can be assembled easily 
without the necessity of bolts being removed and being replaced as erection pro- 
gresses, and that all rivets can be driven satisfactorily. In all tank construction, 
the field Jabor is always more than the shop labor, being as much as two, or 
possibly three times as much—in some cases, even five times as much. 

It is not enough that a structure is designed with safe unit stresses and so it 
can be fabricated and can be erected, but it should be designed so that it can be 
fabricated conforming to standard shop practice and be erected without an undue 
amount of effort and equipment. Engineers frequently seem to lose sight of the 
sequence of events in the shop and field—as, for example, an undue number of 
changes in the rivets and small details, changes in rivet pitch, sections that are 
awkward to handle and have to be taken to too many different machines, and 
sections that are difficult to assemble and rivet or in which the assembling and 
riveting have to be alternated several times in the shop or the field. 

. The splice plates at the end of the columns should be sufficient to take all the 

possible tension due to the wind and to thoroughly hold the ends of the section 
in line. When the ends of the columns are milled, it is not usual to have the 
splice plates take a very large proportion of the compression strain (25 to 33 per 


cent only). 


| 
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All parts of a tower should be open so that the structure can be cleaned and 
painted as required. 

The bottom shoe and anchor bolt connections are details that are also difficult. 
Figure 11 shows one type that is fairly satisfactory and that can be readily cleaned 
and painted. It will be noted that there is only one anchor bolt. This has the 
advantage that it can be set more nearly correct in the foundation than if there 
were two at each column. One large anchor bolt is less susceptible to corrosion 
than two small anchor bolts. 


Fie. 11.—Lower tower post for 100,000-gal. tank. 


27. Struts.—Tigure 12 shows a type of channel struts that is used extensively. 
The lacing is unusual but, excepting during erection, the only load in the struts is 
due to wind, and the unit stress then is very low. This lacing has given satis- 
factory results. The struts can be laced top and bottom when thought necessary. 
Struts can be made of four angles laced in the form of an I-beam and for large 
towers are made of four angles laced four sides. The laced I-strut does not give 
the support to the tower column that the other types do. During erection the 
struts are commonly subject to a much higher stress than they will ever receive 
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thereafter. In fact, the size of the strut is most frequently determined from the 
erection strains. 

28. Tower Rods.—The tower rods are made: of either square or round rods, 
with a good grade of iron or mild steel that can be welded easily. The ends are 
attached to a single plate by means of clevis nuts or forked loop ends. The ends 
are upset for threading and a turnbuckle used for adjustment in lining up the 
ower. 


Post Splice ; 


Section A-A 


Fig. 12.—Typical strut. 


There is a pipe rod leading from each post splice to the riser pipe or water leg, 
about the same diameter as the rivets in the tower column. These serve the 
double purpose of latterly supporting the riser and bracing the tower. 

29. Elevated Tank Foundations.—Tigure 13 gives a typical foundation plan. 
The foundations should be laid out so that the center line of the tower post pro- 
duced passes through the center of the top and bottom of the pier, so that the 
soil pressure will be uniform on the base. The usual concrete mix is 1:3:5 for 
standard materials. The top and exposed surfaces should have a sidewalk finish. 
It is essential that the tops of all piers be level and at the same elevation, so that 
the tower columns will carry equal loads and that the roof plates may be put on 
and the roof have a good shape. 

30. Riser Pipe.—For hemispherical bottom tanks the riser should be flanged 
cast-iron pipe. This will give better service than bell and spigot or wrought-iron 
pipe. The riser should be connected to the tank by an expansion joint. There 
should also be a walkway from the ladder column to the expansion joint (see Fig. 
14). This walkway is usually hung by rods from the bottom of the tank. The 
lower end of the riser should connect to a foot elbow that has a masonry founda- 
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tion (see Fig. 13). The riser pipe should be protected by two-ply wooden frost 
case or its equal in the territory included between the latitude of Atlanta, Ga. 
and Chicago, and three-ply for Northern United States and Southern Ontario, and 
four-ply for Northern Canada. This frost case should be made of a good grade 
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Fig. 13.—Foundation for 100,000-gal. tank, 100 ft.-0 in. to bottom, concrete mixture 1:3:5. 


of lumber, dressed and matched with about a 2-in. air space between each course 
of lumber. There should also be a good grade of tar building paper over each 
ply excepting the outside. The wooden separators between plys are spaced 2144 
to 314 ft. apart. If the frost case is circular in section, it is best to have the 
lumber dressed to the proper curvature. 
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31. Water Heaters.—If water does not flow either into or out of the tank 
at all times there should be some means provided to heat the riser and the tank. 
The best way to do this is by means of a steam operated heater that takes cold 
water out of the base elbow and discharges hot water into the tank through a 
heater pipe that goes up inside the frost case. The hot water in the heater 
pipe will prevent water in the main riser from freezing. Coal fired heaters can 
also be used but are not as successful as the steam operated. A steam coil is 
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Fia. 14.—100,000-gal. tank 10Q ft.—0 in. to bottom. 


also placed in the bottom of the tank with a flow and return line inside the frost 
case. These heater pipes have either a swing joint or an expansion joint near the 
bottom of the tank and by no means the least important is to have their lower 
end anchored or fixed so that the swing joint or expansion joint will not be pulled 
apart. Neglect of this point is sure to cause trouble in time. When a steam 
operated heater is used, it is ordinarily placed in a concrete pit at the base of the 
riser. In sprinkler tanks this pit will also contain one or two gate valves and a 
check valve. 
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32. Water Legs.—The water leg or cylinder for elliptical or conical bottom 
tanks is from 4 to 6 ft. in diameter. The pipe connections are made into the 
bottom of the head the same as in a flat bottom tank, the leaded connection being 

‘preferable. A 6-in. wash out valve is installed to take care of any sediment that 

may collect. For any service except sprinkler in the United States there is no 
need for heating these two types of tanks. This, and the fact that there is no 
expansion joint is a point in their favor. 

33. Tank Accessories.—On all tanks there should be a ladder on one tower 
post to the balcony and a revolving ladder on the roof and side of the tank—also 
a ladder on the inside of the tank. The overflow, tell-tale, and other accessories 
are open to the same discussion as in cylindrical tanks. 

34. Painting.—The painting on all tanks and towers should be done as on any 
other steel structure excepting where bad water conditions are encountered it may 
be best to use an asphaltum or bituminous coating. Practically all the so-called 
water resisting paints give no better service than a good grade of paint which is 
made by reputable paint manufacturers commonly used on steel work. 

35. Tower and Tank Erection.—The usual method of erecting the tower is 
with a gin pole about 10 ft. longer than the longest column section. At least 
four and better six guys are used. The bottom column section is raised and the 
anchor bolt nuts made tight. A second bottom section is then raised and the 
struts put in place, and so on until the bottom section of the tower is assembled. 
A spur is then bolted on the side of the gin pole extending 4 to 6 ft. below the 
bottom of the pole. A set of blocks is fastened to the lower end of the spur and 
to the strut near a column. By taking up on this set of blocks and letting out 
on the guy line the gin pole is raised until the bottom of the pole rests upon 
the strut. A second panel column is then raised and the pole is worked along the 
strut and jumped around the column in about the same way it is raised from the 
ground. A second panel strut is then put in place and the second panel completed 
similar to the first. In erecting the tank shell, brackets are bolted down about 20 
in. from the top of the ring on the inside before the next ring is raised. These 
brackets are on about 10-ft. centers so that planking can be placed on them to 
serve as a scaffold. A cage with flanged wheels that roll on the top of the ring is 
used on the outside for the men to heat and buck rivets. In this way a consider- 
able saving of time and material for scaffolding is made. 

36. Designing Practice.—Table 3 gives the fundamental equations for com- 
puting the stresses in the tower, tank, and balcony. The tank design is worked 
up by means of these equations and by the use of Table 1 and possibly Table 2 
as explained in Art. 2. For the wind stresses on the rods, columns, and struts 
a graphical solution can be made more easily for a four post tower (see Fig. 14) 
while an algebraic solution is the most reasonable for towers with more than 
four posts. The diagram of Fig. 14 is for a 100,000 gal. hemispherical bottom 
tank, 100 ft. to the bottom. The capacity line referred to at the bottom of the 
tank is about 18 in. above the theoretical bottom so as to allow for pipe con- 
nections. The wind load is for the entire structure so one-half of the stress in 
the diagram should be taken for the stress in any one rod or strut. This diagram 
is drawn with the wind blowing parallel to one side of the tower, giving the 
maximum rod stress. The maximum post stress occurs when the wind is blowing 
parallel to a long diagonal. This is true for either 6-,8-,10- or 12-post towers. 
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The column stresses are found by taking one-half the value of the stress diagram 
and multiplying by 1.4142, or by multiplying the value in the stress diagram 
by 0.7071. The other stresses in the column due to metal and water are easily 
computed. 

It is customary practice to consider the metal and water load to be carried 
equally by all tower posts. In case of a water leg or large cylinder being installed, 
it carries a water load as explained in Art. 21. If the foundations are not at 
exactly the same elevation or the tower columns are not exactly the same length, 
this would not seem to be true, but the top of the tank cannot be rounded up so 
that the roof can be installed, until the columns are carrying equal loads. This 
has come up time after time in tower construction so that a set of light radial 
rods called spider rods are temporarily placed in the top of the tank to help round 
out the tank so that the roof can be assembled, but very little can be done until 
the columns are equally stressed, the bases being at the same elevation or atleast 
in the same place. As there is no chance of the columns being very much over- 
loaded and as they are well fixed at the top, bottom, and panel points, it is usual 
to use a higher unit stress in elevated tank columns than in other structures. 

The maximum stress in a column will occur when the tank is full and the wind 
is blowing parallel to a long diagonal. At this time the reactions of all columns 
will be downward (no anchor bolts acting). The axis of rotation will be at right 
angles to the direction of the wind and will pass through the center of the tower. 
Another condition exists in computing the maximum uplift for foundation 
and anchor bolts. The maximum uplift would occur just before overturning 
takes place so that the axis of rotation would pass through the extreme leeward 
pier or piers. For a four post tower the worst condition is with the wind blowing 
parallel to one side, as in the stress diagram, so the maximum uplift would equal 
one-half the wind stress for the bottom column as found in the diagram, minus 
one-fourth the total weight of the structure. The anchor bolts should be made 
large enough for this stress and the weight of one pier should be in excess of this 
amount. The weight of the soil above the foundation will give an additional 
factor of safety. 

In checking over the equations in Table 3 it should be kept in mind that the 
only means of additional wind load being put upon the column is by means of 
the tower rod. 

The following values are recommended for use in elevated tower and tank 
design: Steel of A.S.T.M. (A 7-39) specifications excepting for the bottom which 
should be flange or pressing quality and the rods of the best grade of iron, or mild 
steel that will weld readily; wind load on the tank to be taken as 18 to 20 lb. per 
sq. ft. of the vertical projected area, and for the tower 50 lb. per vertical foot of 
height per column; foundations, concrete mix 1:2:4; maximum soil load = 3,600 
Ib. per sq. ft. including all loads; center pier where there is a large cylinder should 
have the same bearing for soil as for the piers under the outside column; tension 
tank plates = 12,000 lb. per sq. in.; lower shell ring and bottom elevated tanks = 
10,000 Ib. per sq. in.; rods = 15,000 lb. per sq. in.; shapes = 16,000 to 18,000 
Ib. per sq. in.; anchor bolts = 15,000 lb. per sq. in. on net section, minimum 
diameter 134 in. 
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Tasite 1.—Lap Jomnr Erriciency TaBLE 


Calculations are based on the following: 


Value of plate in tension 
Value of rivet in shear 


1.00 
0.75 
1.50 


Value of rivet in bearing 


Diameter of rivet hole 4 in. more than the nominal diameter of rivet. 


= nominal diameter. 


Diameter of rivet 
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TasiE 1.—Lap Jot Erriciency Taste—Continued 
= a by = > 
g RIVETS| @ | 3 || g RIVETS| ¢ | 3 F 
Bel ee s | se 18s [esl Ba] Su HG | ates She 
&) 3. |——| 2 | ea]2S esl 2] es g | 3g{2° (es 
$a | 8 a So | 03 pe | PN Ui ee 5 = BS | og os 
4] 43/2 e 1 88 | e90/SFl 2] ge | 3 & | ge les, |SF 
-) os g1¢ 3 5a | Sox il w | gs Bate o 5a | 20s = 
Siaglsis] & les less lt | el ee] el] eb) & laa [eae ji! 
EB] Alm| &@ jam |arPM oR] Ela*)/Aleal 2 | at [ah lob 
2 | 2.29 | 61.8 | 0.290 2 | 2.25 | 41.0 | 0.294 
34 | 3 | 3.00 | 70.8 | 0.332 34 | 3 2°26 61.3 | 0.441 
= 4 | 3.70 | 76.4 | 0.358 a 4 | 2.72 | 67.8 | 0.487 
5a) SS1S | 7255 52 
| 15%2 1 | 2.63 | 36.6 | 0.172 = | 232 ie 
— 2 | 2.92 | 65.9 | 0.309 Qa 2 | 2.63 | 47.8 | 0.344 
| 3 | 3.89 | 74.2 | 0.348 % | 3 | 2.88 | 65.4 | 0.470 
4 | 4.69 | 78.7 | 0.369 | W * 4 |] 3.51 | 71.5 | 0.514 
4 | 4.22 | 76.3 | 0.358 | O 5 | 4.14 | 75.8 | 0.545 
2 | 2.25 | 58.9 | 0.294 2 | 2226 | 89.3°| 0.295 
$4 | 3 | 2.86 | 69.5 | 0.347 34 | 3 | 2.25 | 58.9 | 0.442 
4 | 3.53 | 75.2 | 0.376 4 | 2.64 | 66.9 | 0.502 
mek Wee © 5 | 3.08 | 71.6 | 0.537 
S * 2 | 2.80 | 64.4 | 0.322 S| % 
4 | 3 ]3.71 | 72.9 | 0.364 cd = 2 | 2.63 | 45.8 | 0.344 
4 | 4.61 | 78.3 | 0.391] W ¥% | 3 | 2.80 | 64.4 | 0.483 
4 | 4.50 | 77.8 | 0.389 | O 4 | 3.40 | 70.7 | 0.580 
—|_ ff 5 | 4.00 | 75.1 | 0.563 
2] 2.25 | 55.4 | 0.294 
-) 34 | 3 | 2.75 | 68.2 | 0.362 
5 | ax 4 | 3.37 | 74.0 | 0.393 ; ayant 
=I 32 2 | 2.70 | 63.0 | 0.335 7 of Plate—Given in pounds per square 
% : _— os Bais aera of Plate-—Plate thicknesses are nominal 
; . ; only. 
Fes. ES Rivet Diameter.—Diameter before driving. 
2 | 2.25 | 52.4 | 0.295 Rivet Rows.—Number of rows of rivets in a joint. 
34 | 3 | 2.63 | 66.9 | 0.376 Rivet Pitch—Distance between centers of rivets 
3 % 4 | 3.22 | 72.9 | 0.410 along outside row of rivets. 
g 16 2 | 2.63 | 61.1 | 0.344 Efficiency of a Joint—The ratio which the strength 
1% |3| 3.40 | 70.8 0.398 a gone has to the same unit length of 
Eas 4.21 | 76.2 | 0.429 Effective et Thickness.—The product of the 
2 | 2.25 | 49.6 | 0.294 fins holdin dlc citen in acuarenncner gee 
2 34 2 aoe age cae linear inch of a joint. 
i ; 3 
a) °° 2 | 2.63 | 57.7 | 0.343 areas ae 
% 7 ge oe pa SPR Aas alread for caulk- 
el et : , bi dng. In this case the caulking 
cal Sa" Tas area aaa 7 pitch governs. 
2 | 2.25 -1 | 0.294 For oil tanks the rivet pitch 
% 2 ae - yt “O” = Oil should not exceed eight times 
me 86 -00 . 443 “W" = Water the thickness of the thinnest 
a | “s 2 | 2.63 | 55.0 | 0.344 hens tes oe 
| 3] 3.16 .5 | 0.428 rows. 
4 | 3.89 .2 | 0.464 Pe. For water bord the bitch mound 
ae a not exceed ten times the thick- 
Py, eo oe Ooane ness of the thinnest plate. 
4 | 2.90 -8 | 0.458 
b 5 | 3.40 | 74.3 | 0.488 
Pest 
a * 2 | 2.63 .4 | 0.344 
3 | 3.03 ra O40: 
14) 4|3.71 -1 | 0.480 
5 | 4.39 .2 | 0.507 
2 | 2.25 | 42.8 | 0.294 
34 | 3 | 2.32 | 62.3 | 0.428 
4 | 2.80 | 68.8 | 0.473 
2 5 | 3.28 | 73.4 | 0.505 
Gel tte 
a : 2 | 2.63 ; 50.0 | 0.344 
1 | 3 | 2.97 | 66.2 | 0.455 
4 | 3.62 | 72.5 | 0.498 
5 | 4.28 | 76.6 | 0.527 


* Butt strap joints are recommended for plates more than }4 in. in thickness. 
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Tapie 2.—Rivetep Burr Jomnt 
Calculations are based on the following: 
Value of plate in tension = 1.00 
Value of rivet in shear = 0.75 
Value of rivet in bearing = 1.50 
Diameter of rivet and rivet hole both %¢ in. larger than nominal diameter of rivet. 


Plate 
Diam- Pitch of Effi- Effective 
eter Type of}rivets in| ciency net Narrow butt | Wide butt 
Weight | Thick- rivet joint outside | of joint | thick- strap (in.) strap (in.) 
lb. per ness (in.) Tow (per ness 
sq. ft. (in.) (in.) cent) (in.) 
15.30 34 5 B3 5.5 | 87.5 | 0.898 | 836x5_ | 13 X Ke 
B4 £12 93.5 0.350 832 X He 1742X Ke 
16.57 | 13é5 5 B3 5.5 | 87.5 | 0.886 8144XK%_ | 13 X Ke 
B4 11.0 | 93.5 | 0.380 834 X5i6 | 174% Ke 
17.85 Whe % B3 6.6 | 87.8 | 0.384 934 X 34 1434X 546 
B4 13.2 | 93.9 | 0.410 934 x 3% 1934 X 56 
19.12 | 15é5 34 B3 6.5 | 87.5 | 0.410 934 X 36 1434X 
B4 13.0 | 93:7 | 0.439 934 X 3g 198% 546 
20.40 % B4 13.0 | 93.0 | 0.465 93% Xi 1934 X 
3 B4 15.3 | 94.0 | o469 | 113¢xX%6 | 2334 38 
21.67 | és 34 B4 13.0 | 91.8 | 0.488 93x 1934 X 
4 B4 int | Be8 [ores | 1asgeeee || ggeese ee 
22.95 % 6 ry, B4 13.0 | 91.0 | 0.512 934 XK 1984 7 
4g B4 15.0 | 93.4 | 0.585 | 113¢x%e | 231¢x ie 
24,22 | 1%» 44 B4 15.0 | 92.3 | 0.849 | 11%x% 2334X 3 
i B4 17-1 | 93:8 | o:esr | i3s¢xae | setese 35° 
25.50 5g K B4 15.0 91.5 0.572 114g x 2314 xX 
1 B4 17.0 93.6 0.585 1333 X He 3632 x x 
26.77 | hé_ % B4 15.0 | 90.8 | 0.695 | 11%xz2 2314 X 
1 B4 i7:0- | cen0| | erete, bo aaee ee | see 
28.05 | 1.6 1% B4 15.0 | 90.0 | 0.619 | 1134x2 2314 X 
1 B4 17.0 | 92:1 | o1esa | issexee | oases of 
29.32 | 23%, % B4 15.0 | 89.4 | 0.641 | 1135x 2314X 9 
1 B4 17.0 | 91.2 | 0.656 1352 36 Pee eey ais 
30.60 34 14 B5 15.7 92.5 0.694 11w%x\% 2814 X 2 
1 BS 18.3 | 93:3 | 0.700 | 1336 x%¢ Bose 55° 
31.87 | 25<o % BS 15.1 | 92.0 | 0.718 | 11%x% 2834 X 
1 B5 18:1 | 98:0 |—o1¥ae | issexoee | sosese oe 
33.15 | 13%¢ % BS 14.6 | 91.6 | 0.744 | 113% x9 28 
M4 1 BS 18.0 | 92:8 | 0.754 13s eee Bese 5 38 
84.42 | 2%, % BS 14.1 | 91.1 | 0.767 | 113% x2 2814 x1 
1 BS 17.6 | 92.4 | 0.778 Et Leas ba Pest LOST 
35.70 14 34 B5 13.7 | 90.7 | 0.798 | 11314x 2814 X1 
1 BS 17.2 | 92:0 | o1goa | issesce® Bose Kae. 
36.97 | 2% 1 BS 16.7 | 91.6 | 0.880 | 1334x9 32144X 3 
14 BS 20.5 | 93:0 | o.sas | Leszxore 3eiE x 34 
38.25 | 15%¢ 1 BS 16.2 | 91.2 | 0.855 | 131%4x% 32 4 
114 BS 20:0 | 92.7 | 0.867 | 1514%%¢ Eee, 34 
ane) Se ns See ee A 6 Gee EY ee | wel Roe 
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LL ————— 


Pl < 
ate Diam. ie of| Effi- Effective 
; eter Type Pe aay Capac, net Narrow butt Wide butt 
Weicht on =a : : outside | of joint | thick- - : 
yecight | Thick- | rivet | of Joint | Tw | er | ‘mew | strap Gn.) | strap Cn.) 
sq. ft. Gn (in.) cent) (in.) 
39.52 81é0 1 B5 15.7 90.8 0.878 13844x % 3214 x 13 
1M Bs | 19:5 | 92:3 | o.e9s | istzx oo | d0s2% 1858 
40.80 1 1 B6 15.6 93.2 0.932 13144x % $8 Sars 
1% B6 19.4 | 94.0 | 0.940 | 1534% 946 | 43%%X % 
42.07 l 35 1 B6 15.2 93.0 0.960 1314 % 88 te 
134 B6 18.9 | 93.8 | 0.968 | 153Z% %¢ | 43K 4% 
43.35 thn 1 B6 14.8 92.8 0.986 134x % 88a Saas 
144 BG 13.4 | 93:6 | 0.998 | 183% 98° | aaizo 15h 
44.62 1 3%o 1 B6 14.4 92.6 1.010 1344X %,_| 38 X 15%/6 
14 B6 17.9 93.4 1.018 154%{X %, | 4334X 1546 
45.90 13% 1 B6 14.0 92.5 1.040 13}4X %,6| 38 x1 
11g B6 17.4 93.2 1.047 154X %e 4344 x1 
47.17 ere 1 B6 13.6 92.2 1.064 1314X 34 38 x1 
1} B6 17.0 93.0 1.072 1514X 5% 434 X1 
48.45 fash i B6 ia3 92.0 1.090 1314X 5 38 X1 Ke 
1 B6 16.6 92.9 1.100 1534X 56 4314X1 Ke 
49.72 1 %%o 1 B6 13.0 91.8 1.118 1344X % 38 x1 Ke 
1% B6 16.2 92.7 1.128 1534X 56 4314X1 4 
51.00 TRS Ze (ome eign (eka st 12.7 91.6 1.145 1314 X 54 38 X1% 
1% B6 15.8 92.5 1.156 1514X 5¢ 4334X1 
52.27 1 %e2 1 B6 12.4 91.4 L171 1344 X16 38. xe 
1 B6 15.4 92.3 1.182 154%X1K%,_| 434% x1 
53.55 rane 114 B6 15.1 92.1 1.210 154% X1MW%,_ | 4334X1 %6 
14 B6 18.1 92.8 1.216 1614X1K%_ | 46141 346 
54.82 1114 1% B6 14.8 91.9 1.233 154%X1Mu%_ | 4314X1 He 
144 B6 17.8 92.7 1.245 1645 X14, | 4614X1 6 
56.10 1 3% 1% B6 14.5 91.8 1,262 1544 34 4344x114 
144 B6 17.6 | 92.6 | 1.972 | 161¢% 3% | 463¢x1 34 
57.37 11345 1% Bb 14.2 91.6 1.286 1534X 34 43141 14 
114 B6 17:2 92.5 1.298 1614X 34 4614 X1 44 
58.65 1 Ke 1% B6 14.0 91.4 1.310 154%x % 4314 X1 546 
1% B6 16.8 92.4 1.326 1644x % 4614 X1 546 
59.92 115g 1% B6 1357 91.2 1.335 154%x 3% 4314 X1 546 
1% Bb 16.5 92.2 1.350 161¢% 34 4614 X1 be 
61.20 1 34 1% B6 13.4 91.0 1.365 1544 X1%_ | 4314%1 3% 
14 Bb 16.2 92.0 1.380 1634X18%6 | 463¢X1 34 


Nore.—Nomenclature of column headings is same as shown for lap joint tables. 
a a i EE 
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Taste 3.—TowrrR AND TANK-STRESSES 
ee a RE aE OL EL ES ST a Se 


Stresses in tank bottoms 


Stress 


Compression 
Shape | Joint cut by 
Joint cut by vertical plane | horizontal Balcony line 
plane 
: , ) hae SN 6 0 
Hemispherical....| 1.3 XH XD 37.7 XD “See 
‘ Ly es 7 
Segmental....... 1.3XHX 377 XD *8ee 60.158 XW Xtan 6 
Bae W Xsec? 6 : W - 
Hlhiptical. ....... “Xa XR —2.6 XH XD X sec 6 3ST.7XD Xsec @ see below 
Conical..........|2.6XH XD xXsec 0 ee aes 
aarain | 37.7 xD *see 010.158 XW Xtan 6 
An dsh gears —2.6XH XD Xsec j= ewe 158 XW Xt 
y curved shape. | 957 R . 37.7 XD QO. xW Xtan ¢@ 


| 
| 


H = Head in feet on section considered. 

D’ = Diameter in feet of tank cylinder. 

D = Horizontal diameter in feet of section considered. 

W = Weight in pounds of water and metal supported by the bottom below section 
considered. 

6 = Angle tangent to bottom at point considered makes with vertical. 

R = Radius of curvature in vertical plane expressed in inches. Most ellip- 
tical bottom tanks have small R from .333 to .375 the radius of 
the cylindrical portion of the tank and the large R from 1.75 to 2.00 times 
the tank radius. 


Nore.—That the formula for joint cut by a vertical plane through an elliptical 
bottom tank shows compression when the first term is larger and tension when the 
second term is larger. This compression in tanks of over 300,000 gallons capacity is 
too great to be taken care of by a reasonable plate thickness at the allowable unit 
stress. In such event the excess stress can be taken care of by a balcony girder. 


WIND-STRESSES—Posts VERTICAL 


No. P = posts Rods Struts Standard (uplifts) A.F.M.I.Co. 
Posts 
3 M + 0.75D | 0.500 (P — P’) seca} 1.15W + Rsina| 1.000P —S+83 P-S+8 
4 |M+1.0D | 0.707 (P — P’) seca W+Rsine!|0.707P—S+4 P-—-S+4 
6 |M+1,.5D | 1.000 (P — P’) seca W+Rsina| 0.692P—S +5 P-—-S+6 
8 |; M+2.0D 1.307 (P — P’) seca W+Rsina| 0.682P—S+6.35|P—S+8 
10 | M+2.5D | 1.618 (P — P’) seca W+Rsine| 0.6783P—S+7.75|P—S +10 
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WInp-strEessEs—Posts INCLINED 
No. P ? ? 
posts = posts Rods Struts Uplifts Uplifts 
3 | MX sec g¢ + | 0.500(V — V’) seca | 1.15W + R cos 6 — 1.000V —S+3)\V—S+3 
0.75D 0.575(P — P’) sin ¢ 
4 | MX sec ¢ + |0.707(V — V’) seca W+ Rk cos 0 — 0.707V —S+4\V—S+4 
1.00D 0.500(P — P’) sin ¢ 
6 | M X sec ¢ + 1.000(V — V’) seca W-+ RF cos 0 — 0.692V —S+5|V—S+6 
1.50D 0.500 (P—P’) sin ¢ 
8 | M Xsec ¢ + | 1.307(V — V’) seca W+R cos @ — 0.682V—S+6.35)V —S +8 
2.00D 0.500(P—P’) sin ¢ 
10 |M Xsec¢ + |1.618(V— V’) seca W +Rcos@ — 0.678V —S+7.75|V— S + 10 
2.50D 0.500(P — P’)sin ¢ 


M = Moment of wind at bottom panel considered. 
D = Diameter of post circle in plane considered. 


S = Weight of steel above 


section considered. 


W = Total wind panel load + number of posts. 
P = Compression in leeward post. 


P’= Tension in windward post = pin panel next above. 
V = Vertical component of post stress P. 
V’ = Vertical component of post stress P’. 
R = Rod stress in panel above strut. 
a = Angle rod makes with vertical. Bevel— (134 — 12) — (1 — 12) 
6 = Angle strut makes with rod in panel above. Sec ¢ —1.008— 1.003 
é = Angle post makes with vertical. Sin ¢ —1.115— 0.083 
BaLcony STRESS 
Bending moment Shear | Compression 
poems Midway bet Und Midway b Und Midway b 
= rs) jo 
Underlosd [Toads | load. | tween loads | load | tween loads 
4 +0.068QB | —0.0352QB | 0.50Q 0 0.50Q 0.707Q 
6 +0.045QB | —0.0225QB | 0.50Q 0 0.87Q 1.00Q 
8 +0.034QB | —0.0165QB |} 0.50Q 0 1.21Q 1.31Q 
10 +0.027QB | —0.0138QB; 0.50Q 0 
12 +0.022QB | —0.011 QB} 0.50Q 0 1.87Q 1.98Q 


Q = Horizontal thrust at top each post. 
B = Diameter to center balcony girder. 
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STRESSES IN THE CIRCULAR GIRDER 

Number | Maximum} Moment at | Moment : 

of posts shear posts midway Torsion 
19°12’ 4 ¥ —0.03415Wr | +0.0176 Wr | 0.0053 Wr 

| 

12°—44’ 6 ie —0.01482Wr | +0.0075 Wr | 0.00151Wr 
9°-337 8 Md —0.00827Wr | +0.00416Wr | 0.00063Wr 
6°21’ 1872 us —0.00365Wr | +0.00190Wr | 0.000185Wr 


a 


W = Total load. 
r = Radius in feet. 
M = Moment in ft.-lb. 


oO 


SECTION 6 
CHIMNEYS 


DRAFT AND SIZE OF CHIMNEY 


1. General.—Before designing a large chimney it is necessary to decide 
on the proper height and diameter. The height must besuch as will give the draft 
required and the cross-sectional area must be large enough to permit the passage 
of the burnt gases. 

The draft depends on the height of the chimney, the temperature of the gases, 
the altitude or elevation of the chimney above sea level, the nature of the fuel, the 
furnace used, and the design and arrangement of the various flues connecting 
the furnace with the chimney. The cross-sectional area depends on the kind and 
quantity of fuel to be burned in the plant, the draft available for carrying the 
burnt gases up the chimney, and the friction losses within the stack. 

It is obviously impractical (if not impossible) to produce any single formula 
for determining stack sizes which will satisfactorily take all of the various factors 
into consideration and, consequently, the formulas used in selecting stack sizes are 
largely empirical. 

2. Draft Theory.—Draft may be defined as the difference in pressure available 
for producing a flow of gases. If the gases in a chimney are heated, they 
will expand and occupy a larger volume than before, and their weight per cubic 
foot will be less. Consequently, the unit pressure at the bottom of a chimney 
due to the column of heated gases will be less than the unit pressure exerted by a 
column of cold air outside the chimney. The difference between these two pres- 
sures will cause a flow of the gases up the stack. In an ordinary plant, the cold 
air comes in through the furnaces and becomes heated before it arrives in the 
chimney thus maintaining a column of heated gases in the chimney and causing 
a continuous movement of the gases up the chimney as long as the furnaces are 
in operation. 

The intensity of the draft is usually measured in inches of water instead of 
pounds per square inch or pounds per square foot. ‘The pressure of an inch of 
water is equal to a pressure of 5.193 lb. per sq. ft., assuming the water to weigh 
62.32 Ib. per cu. ft. 

The intensity of the draft is given by the following formula. No allowance 
is made for the difference in density between the air and flue gases, 


D = 0.52 PH ¢ 3. Pe) . 
1 


dad 
443 
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where 
D = theoretical draft in inches of water. 
P = atmospheric pressure in pounds per square inch or 14.7 Ib. per sq. in. 
at sea level. 
H = height of chimney above grates in feet. 
t = absolute temperature of atmosphere in degrees Fahr. 
t: = absolute temperature of gases in chimney in degrees Fahr. 


To obtain the absolute temperature in degrees Fahr., add 461 to the common 
or ordinary temperature in degrees Fahr. 

Taking P as 14.7 lb. per sq. in. and 60 deg. Fahr. as the average atmos- 
pheric temperature, the formula becomes 


1 
Die 0.52 X 14.7 (355 ta) i. 
Let 
1 
om a = 
Then ed 


K will vary according to the temperature of the gases in the chimney as 
shown in the following table: 


0. 00710 aha 0078 0. 0081/0 .0084 


TABLE 1 
Temperatures of | | 
chimney gases | | 
in deg. Fahr....| 3850 | 400 | 450 | 500 | 55 0 | 650 700 | 750 
| 
Values of K...... 0.0058 0.0098 0.0063 0. 0067| 


Illustrative Problem.—Find the theoretical draft for a chimney 200 ft. high above grates 
and located at sea level when the temperature of the flue gases is 600 deg. Fahr. 
K = 0.0075 from Table 1. 
H = 200 ft. 
= (0.0075) (200) = 1.50 in. of water. 


3. Draft Losses.—In the ordinary power plant there are various draft losses 
due to possible leakage and to resistances offered to the passage of the gases by the 
furnace, boiler, flues, and interior of the chimney. Sometimes the loss due to 
leakage around boiler sections and flue joints is considerable. 

The draft loss in the furnace will vary considerably depending on the kind and 
size of coal and the rate of combustion. This will be discussed in more detail in 
a later paragraph. 

The draft loss caused by the boiler heating surface will vary largely according 
to the design of the boiler and the percentage of its capacity at which it is being 
operated. Ina good Babcock & Wilcox boiler this loss may be about 0.25 in. at 
rated capacity, 0.40 in. at 50 per cent overload, and as much as 0.65 in. at 100 
per cent overload. At rated capacity, the draft loss between grates and damper 
for a good horizontal return tubular boiler will be about 0.25 in. of water (practi- 
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cally the same as for a Babcock & Wilcox boiler); about 0.50 in. for a Stirling 
boiler; and about 0.40 in. for a vertical tubular boiler. 

The use of economizers in connection with boilers, will cause a reduction of 
about 75 deg. Fahr. or more in the flue gas temperatures. The loss of draft 
through the economizers will amount to about 0.3 in. of water. The in- 
stallation of economizers frequently requires the use of a fan for increasing 
the draft. 

The draft loss in straight round flues may be computed by the formula given 
later for the friction loss in chimneys. The loss in square or rectangular flues 
will be about 12 per cent more than that in round flues. Abrupt turns should be 
avoided as a short right-angled turn will reduce the draft by approximately 0.05 
in. foreach turn. In designing, ample flue areas should be provided, say approxi- 
mately a cross-sectional area of 35 sq. ft. for each 1,000 rated boiler horsepower. 
In computing flue losses in round steel flues, approximately 0.10 in. should be 
allowed for each 100 ft. of flue length and 0.05 in. for each right-angled turn includ- 
ing the turns from boiler to flue and from flue to chimney. These figures should 
be doubled for brick or concrete flues. 

The loss in the chimney may be computed from the following formula: 


fW°CH 
d= As 
where 
d = loss of draft in inches of water. 
W = weight of gases in pounds passing per second. 
C = circumference of chimney in feet. 
H = height of chimney in feet. 
A = area of passage in chimney in square feet. 
f = sea level value depending on the temperature of the gases and the 
interior surface of the chimneys, as given by the following table: 
TABLE 2 
— 
Temperature of gases, Interior surface of 
f deg. Fahr. chimney 
0.0011 350 steel 
0.0015 600 steel 
0.0015 350 brick 
0.0020 600 brick 


Ce EE CT EL ena 

4. Available Draft.—The available draft (D,) in a chimney is equal to the 
theoretical draft (D) minus the frictional loss (d). Expressed as a formula and 
substituting values for D and d 


"CH 
D, = D—d= KH — ve 


The following table shows the available draft at the base that a steel chimney 
100 ft. high will produce when connected to boilers of various horsepowers. 
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TasLp 3.—AVAILABLE Drart ror 100-Fr, Sreni, Cuimneys or Various DIAMETERS 
(Based on a chimney temperature of 500 deg. Fahr. and 100 lb. of gas per horsepower) 


Diameter of chimney in inches 


Horse- | 36 | 42 | 48 | 54 | 60 | 66 | 72 | 78 | 84 | 90 | 96 | 108, 120) 132) 144 
power 
Available draft in inches of water 
| | 
100 0.64 PIL as | 
200 0.55,0.62 pith! yd 
300 |0.41/0.55/0.61 hiccantt | 
400 0.210.46/0.560.61 | i 
500 |....|0.34/0.500.57/0.61 ! | 
600 |....0.19/0.420.53/0.5910.62 | 
800 |....|....|0.23/0.43]0.52/0.58/0.610.63) | | | | 
1,000 |....|....]..../0.290.45/0.53/0.58|0.61/0.63,0.64, 
1,200 |....|....]....]..../0.35|0.47/0.54/0.58/0.61/0.63 0. 64| 
1,400 |....|..../........1....10.40/0. 49/0. 55/0. 59/0. 61/0.63 0.65) 
1,600 |....]....|....[....]....]0.31/0.43/0.52/0.56/0.59/0.62'0.64/0..65) 
1,800 |....|....|-...]-..-]--.-]--..|0.37]0.47|0.54|0.57/0.60/0.63)0.65 
2,000 |. 0.31/0.43/0.50 0.55 0.59 0.62.0.640.65 
2,200 0.38)0.47'0.53 0.57 0.61 0.64 0.65 
2,400 0.32/0.43/0.500.55 0.600.63/0.65 
2,600 0.3910.47 0.53 0.59 0.62'0.64'0.65 
2,800 .../0.44 0.5010.58/0.61/0. 6410.65 
3,000 ..|0.40 0.48 0.56 0.610.630.64 
3,200 0.45 0.55,0.60,0.63 0.64 
3,400 |. 0.42.0.530.59,0.62/0.64 
3,600 . .|0.52/0.58.0.610.63 
4,000 ..../0.48/0.56 0.600.62 
4,500 .|....|0.43/0.530.58/0.61 
5,000 ..|0.49 0.56/0.60 


Notrx.—For other chimney temperatures add or deduct, before multiplying by 
height and dividing by 100, as follows: 


For 350 deg. Fahr. deduct 0.14 in. For 600 deg. Fahr. add 0.08 in. 
For 400 deg. Fahr. deduct 0.09 in. For 650 deg. Fahr. add 0.11 in. 
For 450 deg. Fahr. deduct 0.04 in. For 700 deg. Fahr. add 0.14 in. 
For 550 deg. Fahr. add 0.04 in. For 750 deg. Fahr. add 0.17 in. 


_— 


Illustrative Problem.— What is the available draft produced by a steel chimney 72 in. 
in diameter and 120 ft. high serving boilers of 1,700 rated horsepower, the temperature of 
the chimney gases being assumed as 650 deg. Fahr.? 

From Table 3, a steel chimney 100 ft. high and 72 in. in diameter serving boilers of 1,700 
rated horsepower would have an available draft of 0.40 in., of water (by interpolation). 

For a temperature of 650 deg. Fahr., add 0.11 in. This gives 0.51 in. of water. 

To obtain the available draft for a chimney 120 ft. high, multiply 0.51 by 120 and divide 
by 100. This gives an available draft of 0.612 in. of water. 
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Wm. Kent, in computing required diameters of chimneys, assumes that the 
friction effect is equal to a layer of gas 2 in. thick around the perimeter—that is, 
the diameter is increased by 4 in. to offset frictional losses in the chimney. 

In general, the available draft in a chimney must be equivalent to the sum of 
the draft losses in furnace, boiler, and flue. 

5. Rates of Combustion and Draft Requirements for Different Coal Fuels.— 
The rate of combustion or the amount of coal burned per hour per square foot of 
grate surface depends upon the fuel burned and the draft available. The effi- 
ciency will vary little for different rates of combustion (within reasonable limits) 
if the boiler and grates are correctly proportioned. The greater the draft, the 
greater the amount of fuel that can be burned in a given time on a given grate. 

It has been found by numerous tests and experiments that, for any particular 
fuel and rate of combustion, there is a certain draft which will give the best 
results. In general a light draft is better for free burning bituminous coals. 
More draft is required for coals having higher amounts of fixed carbon or lesser 
amounts of volatile matter. Hence, a small sized anthracite coal would require 
a comparatively large draft. Of course, such things as percentage of ash, per- 
centage of air space in grates, and thickness of fire also affect the draft required. 

The following table is compiled from data given by the Babcock and Wilcox 
Company. It is practically impossible to show by a table or set of curves the 
exact draft required for various kinds of fuel under different rates of combustion 
and different grate and firing conditions. Consequently, the values in the table 
are more or less approximate. 


Taste 4.—Drartr ReQuirED FoR Various KINps oF CoaAL AT DIFFERENT 
ComBUSsTION RATES 


Force of Draft between Furnace and Ash Pit in Inches of Water 


Pounds of coal burned per hr. per sq. ft. of grate 
surface 


Kind of coal 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 


Draft in inches of water 


No. 3 anthracite buck-| 


wheatincarar® sa) ina OreOMOe%b 1.23 
No. 1 anthracite buck- 

GHG Ar tekeiayee acts 0.24 | 0.44 | 0.68 | 1.00 | 1.52 
Anthracite pea.......... 0.17 | 0.30 | 0.45 | 0.64 | 0.89 | 1.23 
Md., Pa., Va., and W. Va. 

semi-bituminous....... 0.11 |°0.18 | 0.26 | 0.35 | 0.46) 0.57 | 0.71 | 0.87 
Ala., Ky., Pa., and Tenn. 

HFICRTOLHOUS ors'y.fiststs ose a0 0.10 | 0.16 | 0.23 | 0.31 | 0.40 | 0.49 | 0.60 | 0.72 
Ill., Ind., and Kan. bitu- 

minous..........---+-| 0.09 | 0.14 | 0.20 | 0.26 | 0.33 | 0.40 | 0.48 | 0.57 


I 
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6. Correction of Chimney Sizes for Altitude.—As the altitude increases, the 
density or weight per unit volume of the air decreases. Consequently, as a 
certain weight of air for combustion is required per boiler horsepower, a larger 
volume of air will be required to produce the same results at higher altitudes 
than at sea level. If the areas of the boiler grates and flues are not changed, then 
the air at higher altitudes must pass through these grates and flues at a greater 
velocity in order to obtain the increase in volume required. This means that the 
draft must be greater than at sea level and, consequently, the chimney must be 
increased in height to obtain this increase in draft. For any given boiler horse- 
power and constant weight of gases, the mean velocity of the gases will be 
inversely proportional to the barometric pressure and the velocity head (or pres- 
sure), measured in column of external air, will be inversely proportional to the 
square of the barometric pressure. That means that the height at sea level 
must be multiplied by the square of the ratio of the barometer reading at sea 
level to that at the altitude given. 

Frequently in designing a boiler for higher altitudes, the assumption is made 
that a certain fuel will require the same draft (measured in inches of water at the 
boiler damper) as at sea level. This means that the chimney height at sea level 
must be multiplied by the ratio of the barometer reading at sea level to that at the 
given altitude, and not according to the square of this ratio, in order to obtain 
the height necessary to give the required draft. 

The Babcock and Wilcox Co. says that the correct height probably falls 
between the values given by these two theories, as the flues are usually made larger 
for the boilers to be used in higher altitudes. Further, that in making capacity 
tests with coal fuel, no difference has been noted in the rates of combustion for a 
given draft suction, measured by a water column, at high and low altitudes. 
This indicates that the height of chimney at sea level should be multiplied by the 
direct ratio rather than the square of the ratio. Also if the direct ratio is used, the 
difference in capacity would not be more than 10 per cent at an altitude of 10,000 
ft., assuming that the correct height lies between the values found by the two 
theories. 

If the height of a chimney is increased, the friction loss in the chimney is 
increased by this added height. Consequently the diameter of the chimney must 
be increased to offset this added friction loss. This increase in diameter, in order 
to keep the total friction loss the same, is inversely as the two-fifths power of the 
barometric pressure. Hence, the diameter at sea level should be multiplied 
by the two-fifths power of the ratio of the sea level barometer reading to that 
at the given altitude. 

The following table gives the altitude correction factors for chimney capaci- 
ties. It is seen that altitude affects the height more than the diameter and that 
practically no increases in diameter are needed for altitudes less than about 3,000 
ft. For very high altitudes, the increase in chimney height would increase the 
cost very greatly and also make the proportions of height to diameter 
impractical. In such cases it is better to increase the grate areas so that the 
required rate of combustion and the accompanying required draft will be lessened 
so that a shorter chimney will be satisfactory. 


eo 
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TasBie 5.—Autirupr Correction Factors ror CHIMNEYS 


Altitude in feet Normal R (R)? (R)* 
above sea level barometer Height factor |Diameter factor 
0 30.00 1.000 1.000 1.000 
1,000 28.88 1.039 1.079 1.015 
2,000 27.80 1.079 1.164 1.030 
3,000 26.76 1121. 1.257 1.047 
4,000 25.76 1.165 1.356 1.063 
5,000 24.79 1.210 1.464 1.079 
6,000 23.87 1,257 1.580 1.096 
7,000 22.97 1.306 1.706 ible 
8,000 22.11 1.357 1.841 1.130 
9,000 21.28 1.410 1.988 1.147 
10,000 20.49 1.464 2.144 1.165 
R= Sea level barometer reading 


Altitude barometer reading 


To obtain correct height of chimney at any altitude, multiply height at sea level 
by height factor, R*, for the altitude selected. 

To obtain correct diameter of chimney at any altitude, multiply diameter at sea 
level by diameter factor, (R)*, for the altitude selected. 


Illustrative Problem.—A chimney designed for sea level conditions has a diameter of 
72 in. and a height of 175 ft. Find the correct diameter and height for a chimney which is 
to have the same capacity and is to be built at an altitude of 4,500 ft. above sea level. 

Interpolating between diameter factors given for 4,000 and 5,000 ft., the diameter 
factor for 4,500 ft. is 1.071. 

Required diameter = (1.071)(72) = 77.11 in. 

Interpolating between height factors given for 4,000 and 5,000 ft., the height factor for 


4,500 ft. is 1.410. 
Required height = (1.410) (175) = 246.75 ft. 


7. Formulas for Height and Diameter of Chimneys.—From the formula given 
in the article on Available Draft (Art. 4) it is evident that if a chimney of a 
certain diameter was increased in height, it would give the same available draft as 
one of larger diameter. Thus, various chimneys could be selected which would 
give the same results. However, in studying the relation of costs to heights and 
diameters, it has been found that the chimney of minimum cost will have a 
diameter dependent on the boiler horsepower served and a height dependent 
on the available draft required. 

Assuming 120 lb. of flue gas per hr. per boiler hp., which is the same as a 
consumption of 5 lb. of coal per hp. per hr. allowing 24 Ib. of gas for 1 lb. of coal, 
and which provides for ordinary overloads and the use of poor coal, this method 
gives the following formulas for sea level conditions: 


For an unlined steel stack 
Diameter in inches = 4.68 (hp.)* 
For a stack lined with masonry 
Diameter in inches = 4.92 (hp.)* 
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where 
hp. = the rated horsepower of the connected boilers. Values calculated 
from these two formulas have been plotted in the two curves shown in Fig. 1A, 
so as to facilitate the finding of the chimney diameter at sea level required to 
serve a certain boiler horsepower. 

The diameter from the curves must be corrected for altitude according to 
the method explained in the article on Altitude Corrections (Art. 6). 


N 


Boiler horse power 
= ~~ 


0 10 20 30 40 50 60 70 80 90 100 Wd 120 GO 140 
Chimney diameter in inches 
Fia. 1A.—Curves showing relation between chimney diameters and boiler horsepower 
served. 


When a large chimney serves a number of boilers equipped with mechanical 
stokers, the area calculated by these formulas should be increased by about 3314 
per cent to allow for leakage of air through the settings of idle boilers and for 
irregular operating conditions. 

Chimneys, whose diameters are found by the above two formulas, will give an 
available draft which bears a constant ratio to the theoretical draft. This ratio, 
allowing for the cooling of the gases in their passage up the chimney, is about 0.8. 


Sec. 6-7] CHIMNEYS 451 


Then the formula for the required height becomes 


D, 
a0 Git 
where 
H = required height of chimney in feet above level of grates. 
D, = available draft required in inches of water. 
K =the value given in the formula D = KH in the article on Draft 


Theory (Art. 2). 
The three preceding formulas for diameter and height of chimneys are those 
used by the Babcock and Wilcox Co. 
This company states that a convenient rule for large chimneys, 200 ft. high or 


over, is to provide 30 sq. ft. of cross-sectional area per 1,000 rated hp. 
Kent’s formula for chimney sizes is 


hp. = 3.33(A — 0.6A”*)H”2 


where 
hp. = rated boiler horsepower based on a coal consumption of 
5 lb. per hr. per rated boiler hp. 
A = Area of chimney in square feet. 
H = height of chimney in feet. 
A — 0.6A” = effective area of chimney assuming that the frictional 


resistance in the chimney is equivalent to a layer of gas 
2 in. thick around the inside circumference. 


The Babcock and Wilcox Co. strongly recommend that the sizes given 
by Kent’s formula be increased from 25 to 60 per cent for the low grade bitumi- 
nous coals of the Middle or Western states depending on the nature of the coal and 
the capacity desired. 

Christie’s formula for chimney sizes is 


hp. = 3.254./H 


where 
hp. = rated boiler horsepower based on 4 lb. of coal burned per hp. 
per hr. 
A = cross-sectional area of chimney in square feet. 
H = height of chimney in feet. 


The M. W. Kellogg Co. recommends that, for the’ Middle States and 
Western bituminous coal, the height as determined by Christie’s formula be 
unchanged and that the areas be increased 25 per cent. Temperatures, flues, 
type of boilers, economizers, and other accessories may have a great influence 
on the proper size. 


Illustrative Problem.— Determine the proper height and diameter of a brick chimney 
to serve Babcock and Wilcox boilers rated at 2,000 hp. under the following conditions: 
Boilers to operate at 50 per cent overload. 
Altitude = 1,500 ft. above sea level. 
Atmospheric temperature = 60 deg. Fahr. 
Flue gas temperature = 500 deg. Fahr. 
Grate surface = 400 sq. ft. 
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Combustion rate = 35 lb. per hr. per sq. ft. of grate surface. 
Length of flues = 150 ft. with two right-angle turns. 
Kind of flues = round steel. 
Kind of coal = Illinois bituminous. 
The available draft required at the base of the stack will equal the sum of the draft 
losses in the furnace, boiler, and flues. 
Draft required in furnace for combustion of this coal at this rate (see Table 4) = 0.40 in. 


Boiler losses at 50 per cent overload = 0.40 in. 
150 
Flue losses = (0.10) (ito) + (2) (0.05) == (0. 25 in. 
Available draft required = D; = 1.05 in. 
. . . 1 
Substituting in formula H = 08k 
(K = 0.0067 for 500 deg. Fahr.— see Table 1) 
H d = 196 ft. 


= (0.8) (0.0067) 


Altitude correction factor for height for an altitude of 1,500 ft. is 1.122 by interpolation 
in Table 5. 

Required height = (1.122) (196) = 220 ft. 

Diameter of a brick chimney to serve 2,000 rated boiler hp. from curve in Fig. 1. 
is 103 in. 

Altitude correction factor for diameter for an altitude of 1,500 ft. is 1.023 by inter- 
polation in Table 5. 

Required diameter =(1.023) (103) = 105 in. 


8. Chimneys for Oil Fuels.—The requirements for chimney sizes when oil fuel 
is used are quite different than when coal is burned, because some of the boiler 
losses are eliminated and the volume and temperature of the gas entering the 
chimney is less than with coal. This means that the cross-sectional area required 
for oil fuel is much Jess than that required for coal, as the volume of gas in the 
case of oil may be taken as approximately 60 per cent of that for coal. Also, as 
the draft requirements are less, the height of chimney required for oil fuel is less 
than that for coal. 

In designing chimneys for oil fuel, care must be taken not to have an excess 
of draft, as the admission of too much air reduces the efficiency fairly rapidly. 
If the stack is too high, some form of automatic control will give better results 
than ordinary hand control. This is especially true in the case of varying loads. 
Too little draft is also bad because if the draft is not enough to carry off the hot 
burnt gases, the action of the heat on the brick work of the furnace will be very 
injurious. Consequently, great care should be used in designing chimneys where 
oil fuel is to be used. 

The following table is taken from one calculated by C. R. Weymouth from 
actual test data. This table will ordinarily give satisfactory results. 
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TasLE 6.—Cuimney Sizes ror On, Fun, 
a ar a et ae el eA ey 


Height in feet above boiler room floor 
Diameter, 
Laren 80 90 100 120 140 160 
Nominal rated hour power 
33 161 206 233 270 306 315 
36 208 253 295 331 363 387 
39 251 303 343 399 488 467 
42 295 359 403 474 521 557 
48 399 486 551 645 713 760 
54 519 634 720 847 933 1,000 
60 657 800 913 1,073 1,193 1,280 
66 813 993 1,133 1,333 1,480 1,593 
72 980 1,206 1,373 1,620 1,807 1,940 
84 1,373 1,587 1,933 2,293 2,560 2,767 
96 | 1,833 2,260 2,587 3,087 3,453 3,740 
108 | 2,367 2,920 3,347 4,000 4,483 4 867 
120 | 3,060 3,660 | 4,207 5,040 5,660 6,160 
| 


Sizes given are good for 50 per cent overloads. 
Sizes are based on centrally located chimneys with short direct flues and ordinary 
operating efficiencies. 


9. Chimneys for Blast Furnace Gas.—Chimneys for blast furnace gas should 
be about the same diameter as those used for coal as the slight increase in volume 
of gas is offset by the higher temperatures. A height of 130 ft. will produce a 
draft sufficient to care for 175 per cent of the boilers’ rated capacity. Too much 
draft may result in improper mixtures of gas and air which may cause a pulsating 
action of the flame or, perhaps, explosions. 


GENERAL CONSIDERATIONS 


Steel stacks are of two types—guyed steel stacks and self-supporting steel 
stacks. Their shape is cylindrical and they are of constant diameter (that is, 
not tapered) except the base of the self-supporting stack which is usually 
conical. 

10. Forces Acting on Stack.—The main forces acting on steel stacks are: The 
weight of the stack and lining, the foundation reactions, the wind pressure, the 
pull of the guys on guyed stacks, and those forces due to possible earthquake 
shocks. 

11. Wind Pressures.—It has been generally accepted that the wind pressure 
on a surface increases directly with the square of the velocity and that the wind 
velocities are greater at higher than at lower elevations. In studying the pressure 
of wind on a chimney the following things should be considered: (1) The wind 
velocities in the section of the country where the chimney is to be built, (2) the 
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location of the chimney—that is, whether it is in a high exposed place or in a 
comparatively low and sheltered spot, and (3) the height of the chimney itself. 
The United States Weather Bureau has proposed the following formula: 


B 
—— 0.004 39"" 


where 

= pressure in pounds per square foot on a flat surface. 
B = barometric pressure in inches. 

V = velocity of wind in miles per hour. 


3 
| 


For a barometric pressure of 30 in. the formula becomes 
p = 0.004V? 


Considering that the wind pressure on the side of a circle is about 60 per cent 
of that on the side of a square, the formula may be reduced to 


D. = 0:0025V2 
where 


~- = pressure in pounds per square foot on the projected area of a cylindri- 
cal stack. 


In most localities, a wind velocity of 100 m.p.h. is about a maximum. This 
velocity will give a pressure on the projected area of a cylindrical stack equal to 
25 lb. per sq. ft., which value is commonly used in the design of steel stacks. In 
localities where the maximum wind velocities are rarely severe, a value of 20 lb. 
per sq. ft. has been satisfactorily used. In sections of the country where wind 
velocities sometimes exceed 100 m.p.h., and especially if the chimney is to 
be in a high exposed place, values larger than 25 lb. per sq. ft. should be 
selected. 

It has been observed that wind velocities, and consequent wind pressures, 
increase with the distance above the earth’s surface. Consequently, it has been 
advised that, in the design of high cylindrical chimneys the value found for p, 
be used for the first 300 ft. and that this value be increased about 214 lb. per sq. 
ft. for each additional 100 ft. or fractional part—that is, if for a steel chimney 440 
ft. high a wind pressure of 25 lb. per sq. ft. be used for the first 300 ft., a pressure 
of 271% lb. per sq. ft. should be used from 300 ft. to 400 ft., and 30 Ib. per sq. ft. 
from 400 ft. to 440 ft. 

12. Effect of Earthquake Shocks.—The usual effect of an earthquake shock 
is to cause the foundation to be moved quickly in a horizontal direction. The 
damaging effect is due to the rate of acceleration—the higher the acceleration 
the greater the effect. 

J. G. Mingle, in his article on the Design of Reinforced Concrete Chimneys in 
the Proceedings of the American Concrete Institute, vol. 14, p. 283, says that 
the earthquake acceleration may be taken from 7 to 9 ft. per sec. per sec. and 
that the force is applied instantaneously. 

The maximum stresses in a chimney will occur at a section about two-thirds 
of the height of the chimney instead of at the base. If the chimney is considered 
as an inverted pendulum, this section would correspond to the center of percussion 
approximately, 
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The force due to an earthquake shock is applied at the base of the chimney 
and is given by the formula 


where 


F,, = force in pounds due to the shock. 
32.2 = gravity acceleration in feet per second per second. 
W = weight of the chimney in pounds. 
A, = acceleration in feet per second per second due to the quake. 


The moment due to this force is given by the formula 


where 
M, 
y 


moment in inch-pounds. 
distance in inches of the center of gravity above the base of the 
chimney. For steel stacks, y is a little less than half the height. 


13. Lining.—Guyed steel stacks are usually unlined, while the self-supporting 
stacks are usually lined. The lining should be of fire brick or other refractory 
material capable of withstanding high temperatures up to 1994 deg. Fahr. This 
lining should extend from below the breech opening to a height where the heat of 
the gases will not damage the chimney. This height should not be less than 10 
diameters or 14 the height above the breech opening, and the lining may extend 
all the way from the base to the top, depending on conditions. Self-supporting 
steel stacks are usually designed to carry lining all the way to the top. 

In a lined steel stack, the lining is usually supported in sections by brackets 
fastened to the steel shell. Fire brick lining in steel stacks up to about 150 ft. in 
height is usually 5 in. thick and consists of 4 in. of brick and 1in. of backing. The 
5-in. lining is usually supported by an angle attached to every second horizontal 
section. A 4-X 3-in. angle from 54, to }¢ in. thick, placed with the 4-in. side 
horizontal makes a satisfactory support. If the stack is higher than 150 ft., the 
bottom part should have a 7-in. lining, consisting of 6 in. of fire brick and 1 in. 
of backing. A suitable support may be provided at about every second section 
by a 6-X 6-in., a 6-X 4-in., or a 6-X 314-in. angle from 3 to 5¢ in. thick placed 
with the 6-in. side horizontal. The angles for supporting the lining may or may 
not be placed at the horizontal joints, except that a support is required at the 
joint connecting the conical base to the main body of the stack. ‘These angles 
are usually placed with the vertical leg up (for ease in erection) and they rarely 
cross a vertical joint. The supports are usually spaced from 10 to 15 ft. apart 
—that is, at about every other section. 

A cast-iron cap is placed on the top of a lined steel stack to protect the steel 
and lining at that place. 

14. Breech Opening.—The breech opening is usually made about 20 per cent 
larger than the internal cross-sectional area of the chimney. The maximum 
width of the breech opening should not exceed two-thirds of the diameter. 
Reinforcement should be provided around the breech opening to compensate for 
the material removed. The amount of vertical reinforcing material provided 
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should be greater than the amount of material removed in the ratio of the dia- 
meter to the long chord at right angles to the face of the opening (Chicago Bridge 
and Iron Works). The reinforcing material should provide sufficient vertical 
stiffness and should extend above and below the opening so as to transfer and 
distribute the stress into the steel of the stack. The reinforcing material at the 
top and bottom of the opening should be about the same as that on the sides. 
In a self-supported steel stack, the breech opening should be far enough above the 
conical base so that the reinforcement will not extend into the conical base section. 
In guyed steel stacks, the breech opening is often below the base of the stack so 
that the gases enter the stack proper at the bottom. 

15. Baffle Plates.—When there are two or more breech openings or flues enter- 
ing the chimney, baffle plates should be provided to properly direct the gases 
from each flue up the chimney and prevent them from interfering with the opera- 
tion of the other flues. The baffle plates in steel chimneys are usually built up of 
plates and structural steel sections strongly riveted together. A facing of fire 
brick should be provided to prevent the hot gases from damaging the steel work. 
The baffles should extend from a few feet below the bottom of the breech opening 
to the top or a few feet above the top of the breech opening so that the flue gases 
will come together when they are moving in parallel lines. 

16. Clean Out Doors.—Clean out doors of ample size should be provided at 
the base of the stack. 

17. Ladder and Pulley Block.—Permanent ladders should be built in the 
outside of all large chimneys. Smaller chimneys should be provided with a pulley 
attached to the top of the stack and a wire cable left in place. A painter’s trolley 
should be placed on the outside near the top. 

18. Lightning Conductor.—A steel chimney needs no lightning conductor 
under ordinary conditions. If the chimney is supported so that there is no 
metal connection between the chimney and the ground—that is, the chimney is 
not grounded—some suitable form of metal connection should be provided. 
The metal in the chimney should be well grounded to prevent damage from 
lightning discharges. 

19. Corrosion.—The effect of corrosion in steel stacks is very great and 
practically determines the length of life or usefulness in most cases. Keeping 
the outside well painted decreases the corrosion and increases the life of the 
stack. 

To allow for corrosion, a steel stack may be designed with reduced 
allowable unit stresses or it may be designed with the allowable unit stresses 
for the material and the thickness increased 14, in. It seems preferable to 
design the stack with reduced allowable unit stresses and make no allowance for 
corrosion. 

It has been observed that the effects of corrosion are frequently greater on 
the top section than on the other parts of the stack. Consequently, in self-sup- 
porting stacks, many designers increase the thickness of the plates in top section 
Ke in. 

In the case of foundation bolts, 14 in. (and in extreme cases 14 in.) should be 
added to the diameter to allow for corrosion. 

20. Allowable Unit Stresses.—In stcel stack design it has been found satis- 
factory to use an allowable unit stress of 12,000 Ib. per sq. in. in tension in the 
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net section of the plate (rivet holes deducted) and make no allowance for corro- 
ston. In deducting for rivet holes in a lap joint, it is customary to consider the 
rivet holes as being }¢ in. larger in diameter than the rivet. The unit tension 
stress in the gross section will vary from 5,000 to 9,000 lb. per sq. in. depending on 
the efficiency of the joint. 

In order to provide sufficient thickness in the plates near the top of the stack 
to resist the tendency to buckle or flatten, it is customary to consider the stresses 
in the gross section of the plate and use comparatively low stresses. In a self- 
supporting stack, the thickness of the plates should never be less than 14 in. 
and the plates in the top section not less than 54g in. The width of these plates 
should be about 6 or 8 ft. and the length preferably not over 18 ft. 

The Chicago Bridge and Iron Works suggests the following formula for the 
unit stress in the gross section of the plate with a maximum of 10,000 lb. per sq. in. 


s = 14,000 — 125? 
where 
unit compressive stress in gross section (maximum 10,000) in pounds 
per square inch. 


D = diameter of stack in feet. 
= thickness of plate in inches. 


~” 
I| 


Other designers, for self-supporting lined steel stacks up to about 300 ft. in 
height, use unit compressive stresses on the gross section of from 8,000 to 10,000 
lb. per sq. in. for the 14-in. plates and from 10,000 to 12,000 lb. per sq. in. for the 
54,-in. and thicker plates. 

The allowable unit stresses in rivets are usually taken as 34 of the allowable 
unit tension in the plate for bearing, and 34 of the allowable unit tension in the 
plate for shear. For an allowable unit tension in the plate of 12,000 lb. per sq. 
in., the unit bearing stress in the rivets would be 18,000 lb. per sq, in., and unit 
shearing stress in the rivets would be 9,000 lb. per sq. in. 

For foundation bolts a unit stress of 15,000 lb. per sq. in. on the net section is 
allowable, provided that from 44 to \% in. is added for corrosion. 

21. Rivets and Rivet Spacing.—In general, the diameter of the rivets will be 
from 1.5 to 2.5 times the thickness of the plate. The following diameters of 
rivets are generally used for the different thicknesses of plates: 


Plates. 0. 2546 No. 12 | No. 10 No. 8 He M %e 
BWG BWG BWG 

Rivets (in.).... \Yy 34 | 36 cs 4 | % and 4% | % and &% | & and 34 

Plates... 5. 36 Yo 4% ; 7 7 34 % 

Rivets (in.).... 34 34 K % 1 1 
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The minimum pitch for any rivet is about 3 diameters. The following gives 
the usual pitches for various rivets in steel stacks: 


Rivet ations .ethin steer tee eee yY 36 | 4% 


Pitch for single row (in.) | 34 to1% 1 to 13% | 14% to2% 


jit eae y % | 1 


Piteh tor sugle row Gnly...| “23¢t0'R {Seg te Bie | 3 to 44% 


This spacing is increased somewhat (say about 50 per cent or so) for two or 
three rows of rivets. 

Some allowance in the rivet pitch should be made so that the joint will be 
efficient and also so that there will be an integral number of rivet spaces which is 
divisible by the number of plates. If one row of rivets at the minimum pitch is 
not enough, the size of rivet should be increased or two rows of rivets used. 
Three rows are about the maximum number for the horizontal joints. 

The maximum pitch should not be more than ten times the thickness of the 
plate, as it is difficult to secure a tight joint if this spacing is exceeded. 

22. Lap Joints.—Steel chimneys are invariably built with lap joints, usually 
with one row of rivets in the vertical joints and one, two, or three rows in the hori- 
zontal joints. A lap riveted joint usually is of the same strength in compression 
as in tension as, in the joint design, the value of the tension in the net section of 
the plate is made equal to either the total bearing or shearing value of the rivets. 
Considering that the bending moment of the wind would cause equal unit stresses 
in tension and compression at any section and that the weight of the stack would 
cause unit stresses in compression, the plates should be designed for compressive 
stress: Lap joint efficiencies usually vary from 35 to 55 per cent for single riveted 
lap joints and from 55 to 75 per cent for double and triple riveted lap joints. 

The following table for lap joints, Table 7, shows the rivet pitch, efficiency of 
joint, and effective net thickness of plate for various plates, rivets, and rows of 
rivets. (A more complete table for the larger plates is given on p. 436.) 

This table is based on the following values: 

Value of plate in tension = 1.00. Value of rivet in shear = 0.75. 

Value of rivet in bearing = 1.50. Minimum spacing = 3 X diam. of rivet. 

Maximum spacing = 10 X thickness of plate. 

Diameter of rivet = nominal diameter. 

Diameter of rivet hole = 1 in. + nominal diameter for values in table below 
dotted line. 

Diameter of rivet hole = 1/, in. + nominal diameter for values in table above 
dotted line. 

Values for 3/g-in. plates and larger are taken from the Lap Joint Rivet Tables 
of the Chicago Bridge and Iron Works, 
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TasLE 7.—Lap Joint Rivet Tasie 
a a a 


A Rivets } : Effective 
Thickness Rivet Efficiency naethielnesa 
of plate, | pitch, of joint, of plate 
inches Diameter, Ra inches per cent fice 
inches 
#12 BWG 4 1 0.75 45.0 0.049 
0.109 2 0.99 68.8 0.075 
#10 BWG 3¢ 1 1.125 50.0 0.067 
0.134 2 1.34 67.2 0.090 
#8 BWG 3g 1 1.125 44.8 0.074 
2 1.44 69.7 0.115 
0.165 —— —EE—————————— ee 
¥ 1 1.50 50.0 0.083 
3 1.65 66.0 0.109 
at 1 1.125 39.3 0.074 
3 2 1.32 67.0 0.125 
0.1875 3 1.76 75.0 0.141 
ate a. ¥% 1 1.50 50.0 0.094 
| 1.875 66.8 0.126 
\y \% 1 1.50 39.3 0.098 
0.250 2 | 1.80 65.4 0.163 
3 a ae ae 0.185 
5 1 1.88 49.0 0.122 
2.50 70.0 0.175 
34 1 2.25 50.0 0.125 
2 2.50 65.0 0.160 
546 1 1.50 31.4 0.098 
\% 2 1.57 60.0 0.187 
0.3125 | 3 2.04 69.2 0.216 
1 1.88 39.2 0.122 
5 2 2.22 66.3 0.207 
3 2.96 74.6 0.233 
1 2.25 47.1 0.147 
34 2 3.00 70.8 0.221 
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Tasie 7. (Continued) 


Rivets : ; Effective net 
Anigkoees: } 7 =e 4A) Revi Rivet Efficiency | thickness 
of plate, pitch, of joint, of plate, 
inches Diameter, pe inches per cent inches 
inches 
34 54 | 1 1:88 |---32:7 | 0.428 
2 | ~ 1.98 61.5 | 0.231 
0.375 3 |-~- 268 71.0 | 0.266 
1 | 2.25 39.3 | 0.147 
34 2 2.64 66.9 | 0.2651 
3 3.53 75.2 0.282 
1 1 2.63 45.8 0.172 
2 3.40 70.7 0.265 
he 1 2.25 33.7 0.147 
34 2 2.39 63.4 |. e377 
3 3.15 72.2 0.316 
0.4375 4 3.90 / 77.6 0.340 
1 2.63 36:3-/-)° “OL 
% 2 3.03 67.1 | 0.294 
4.09 76.6 ©) ~ <Q:8a8 
2 2.25 58.9 0.294 
\% 3% 3 2.86 69.5 0.347 
4 $.58- | 32 -— | sole 
0, 500 ) 
2 2.80 | 64.4 | 0.322 
4 3 3:71 72.9 | 0.364 
4 4.61 78.3 | 0.391 
| 


GUYED STEEL STACKS 


23. Classification—Ior convenience, guyed steel stacks may be grouped 
into classes according to the number of sets of guys attached. Each set of guys 
is usually composed of three or four wires, though as many as six have been used. 
Stacks built fairly close together in a continuous row are usually provided with 
a lattice bracing between them, and each of the end stacks has one or two sets of 
guys of three or four wires in each set, while each of the intermediate stacks has 
one or two sets of guys of two wires in each set. 

The classification is as follows: 

(1) Stacks with one set of guys (usually 3 or 4 and sometimes 6 wires) 
attached to a collar at one third or one quarter of the distance from the top. 

(2) Stacks with two sets of guys, usually of 3 or 4 wires each, attached to 
collars at various heights. 
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(3) Stacks with three sets of guys, usually of 3 or 4 wires each, attached to 
collars at various heights. 

(4) Stacks in a continuous row with lattice bracing between them as 
previously described. 

24. General Design of Guyed Steel Stacks.—In designing guyed steel stacks 
the following things must be provided for: 

(1) Vertical weight of the stack. 

(2) Vertical components of the pulls of the guy wires. 

(3) Bending stresses produced by wind. 

(4) Shearing stresses due to wind. 

(5) Tendency of stack to flatten or buckle. 

(6) An allowance for corrosion (usually about 1/¢ in. is added for this). 

(7) Vertical weight of lining if any (guyed steel stacks are practically always 
unlined). 

In a particular design of a guyed steel stack the thickness of the plates must 
be computed; the joints designed as to rivets, rivet spacing, tension, compres- 
sion, bearing and shear; the number of sets of guys chosen; the collar and size and 
number of guys in each set selected; the size of breech opening determined and 
the reinforcing around the opening designed; the band around the top and the 
attachment of the pulley block and cable determined; the support at the base of 
the stack proportioned to resist the vertical compression and the horizontal shear; 
and in some cases the foundations must be proportioned and detailed. 

25. Thickness of Plates.—In general the steel plate in a guyed steel stack 
must be thick enough to be able to resist compression, bending, shear, and buck- 
ling—that is, the plate must resist all stresses caused by the weight of the stack, 
the wind, and the guys. The unit stresses should be within the limits previously 
mentioned. 

The following table is used to give the minimum thicknesses of plates advis- 
able for guyed steel stacks of different diameters: 


TABLE 8 
SS 
Diameters, inches Minimum thickness of plate 
30 to 48 in. No. 12 BWG. 
30 to 60 in. No. 10 BWG. 
36 to 72 in. No. 8 BWG. 
39 to 72 in. 3/6 in. 
42 in. up 44 in. 


The initial size of plate selected depends upon the particular design in ques- 
tion and is influenced by the cost, estimated length of life, composition of smoke 
gases, height of chimney, diameter of chimney, wind pressures, climate, and vari- 
ous human equations. It is not desirable to have many thicknesses of plates and 
many sizes of rivets entering into one design. 

26. Weight per Foot of Guyed Steel Stacks.—The weight per foot of unlined 
guyed steel stacks may be estimated by the following formula (the weights of 
the guy wires, bands, and clips are not included): 

W = 12.5DtH 
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where 
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W = weight in pounds per foot of length. 
D = diameter (inside) in inches. 

t = thickness of plate in inches. 
H = height in feet. 


12.5 = a factor which equals the weight of 12 cu. in. of steel multiplied by 
q and then multiplied by 1.17 to allow for laps, rivets, and manu- 


facturer’s maximum weights. 
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TaBLE 9.—APPROXIMATE WEIGHT OF GUYED STEEL Sracks PER Foot or HEIGHT 


AS DETERMINED BY FORMULA 


W = 125 Dit 
Material 
No. 12 No. 10 No. 9 No. 8 | 34.,-in. | \Yy-in. 54,-in. 3g-in. 
BWG BWG BWG | BWG plate plate plate plate 
Thickness of steel plate in inches 
0.109 0.134 | 0.148 | 0.165 | 0.1875 | 0.250 | 0.3125 | 0.375 
Stack diameter 
(in.) Weight in pounds per circumferential inch 
0.43 0.53 | 0.59 | 0.66 | 0.75 1.00 | 1.25 | 1.50 
Weight in pounds per circumferential foot 
5.2 6.4 | | | 7.9 9.07 | 12.0 | 15.0 | 18.0 
Weight in pounds per foot of height 
: 4 | 
Bil) 40.9 50.3 
33 45.0 55.3 GLa 
36 49.1 60.3 66.6 74.3 
39 53.1 65.3 72.2 80.4 91.4 
42 57.2 70.4 i eats 86.6 98.4 | 1381.3 
48 65.4 80.4 88.8 99.0: ) 112.5.) 050.20.) 187.5 
54 90.5 90.9 || Lie | 126.6068. 84 210.9 | 2538er 
60 100.5 L710) dio ST 40CGN 187 5 2384 toot eS 
COC: ee al Vl dil aca 122.1 | 186.1] 154.7 | 206.3 | 257.8 | 309.4 
TO see ideas oxcaees om leg BSE SAPD mee oa 148.5 | 168.8 | 225.0 | 281.5 | 337.5 
MO POE ae tate aon Gterke le ne aereys, 2 lee. eee 182.8 | 248.8 | 304.7 | 365.6 
SAT EE re Me keg are IP ot ice eee race ee ee 262.5 | 328.1 | 393.8 
a Neha Wh Sane eae ee ee etree cet eee en eee es 351.6 | 421.9 
RSE EO) 2 ONE SEALS ON OE aa ee f Raisie'a's | Maine ots ML ene clare pam 450.0 
| 
ee eee 


Sec. 6-27] CHIMNEYS 463 


The foregoing table, Table 9, has been prepared showing the weights per foot 
of height for guyed steel stacks of various diameters and various thicknesses of 
steel plates. These figures should be increased about 10 per cent for the weights 
of guy wires, bands, clips, ete. 

‘ Illustrative Problem.—Find the approximate weight of a guyed steel stack 7 ft. in 
diameter and 110 ft. high, the steel in the upper 50 ft. being }4 in. thick and that in the 
lower 60 ft. being 54¢ in. thick. 


From Table 9 the weight per foot of a 7-ft. (84-in.) diam. stack of }4-in. plate = 262.5 
Ib., and of 54¢-in. plate = 328.1 lb. 


Weight of upper 50 ft. = (50 X 262.5) = 13,125 lb. 
Weight of lower 60 ft. = (60 X 328.1) = 19,686 
Total weight = 32,811 lb. 
KD» 790 
H 
! 
‘ 
Fo 
! = 
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Fie. 1.—Horizontal forces acting on a guyed steel stack with one set of guys. 


Illustrative Problem.—Considering the stack in the preceding illustrative problem 
what is the compression in the lower plate due to the weight of the stack? 
Cross-sectional area of steel near bottom is 


7 (84.6252 — 84%) = 82.8 sq. in. 


(For a thin steel stack, the cross-sectional area of the steel = (7m) (average diameter) 
(thickness) = (7) (84.3125) (0.8125) = 82.8 sq. in.) 


: 2, . 
Unit compressive stress = = 396 Ib. per sq. in. 


27. Pull on Guy Wires.—The guy wires must be designed to take care of the 
entire wind reaction at a collar. The maximum pull in any guy wire will occur 
when the wind blows along that guy wire. 

This maximum pull in pounds may be expressed by the equation 


Pull in guy wire = P, = R./sin 6 or R, csc 0 

where 

R, = the horizontal reaction at the collar due to wind pressure, in pounds. 

6 = angle that the guy makes with the vertical, in degrees. 
The vertical component of the pull in the guy wire is equal to R, X cos 6 or, 
substituting (R./sin 6) for the pull, 
Bee’ = R, cot 0 
sin 6 

The angle @ will be between 30 and 75 deg. in most instances. 


° 
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The collar must be strong and stiff enough to withstand any tendency to 
buckle. 


Taste 10.—SHowi1ne Putt In Pounps iN Guy Wire AND VERTICAL COMPONENT 
or Puiu ror A HorizontaL CoLtuaArR ReaAcTION or 1 Ls. ror Guys Maxine 
Various ANGLES OF INCLINATION WITH THE VERTICAL 


Angle| Pull | Ver || angie | Pun | Ve |] angie | Pun | Vert 
0 esc 6 ee 6 ese 6 ae 6 esc @ pony 
(deg.) (Ib.) (lb.) (deg.) (Ib.) db.) (deg.) lb.) db.) 
| 
29 2.063 1.804 45 1.414 1.000 | 61 1.143 | 0.554 
30 2.000 | 1.732 46 1.390 | 0.966 | 62 1.133 | 0.532 
wl 1.942 1.664 | 47 1/367 | 0.9383 || 63 | Tet22. 02510 
32 1.887 1.600 48 1.346 | 0.900 64 | 1.113 | 0.488 
33 1.836 1.540 49 1.3825 | 0.869 || 65 1.103 | 0.466 
34 1.788 1.483 50 1.305 | 0.839 66 1.095 | 0.445 
35 1.743 1.428 | St 1.287 | 0.810 67 1.086 | 0.424 
36 1.701 1.376 | 52 £269) 0: 781 ||. 68 1.079 | 0.404 
37 16628) 1.327 53 $225? | 0.754 69 1.071 0.384 
38 1.624} 1.280 54 4£.236:| 0.727 || 70 1.064 | 0.364 
39 1.589 12235 55 L221 Ox7OO he es 1.058 | 0.344 
40 1.556 1.192 56 1.206 | 0.675 72 1.051 | 0.325 
41 1.524 1.150 57 1.192 | 0.649 || 73 1.046 0.306 
42 1.494 i ep Pa tal 58 1.179} 0.625. | 74 | 1.040 | 0.287 
43 1.466 1.072 || 59 1.167 | 0.601 || 75 | 1.035 0.268 
44 1.440 1.036 | 60 Pek55|., OcSTV Hc V6 1.031 0.249 


The initial stress (tension) in each guy wire may be assumed at 5,000 Ib. 
per sq.in. This would amount to about 1,000 lb. on a 4-in. wire; and about 250 
lb. on a }4-in. wire. The weight of the guy wires may be neglected with this 
assumption, 


Illustrative Problem.—A steel stack has one set of four }4-in. galvanized stranded guy 
wires attached to a collar at 24 of the height. The reaction at this collar due to wind pres- 
sure of 25 lb. per sq. ft. on the stack is 4,850 lb. The guy wires make an angle of 55 deg. 
with the vertical and are subject to an assumed initial stress of 5,000 1b. persq.in. (a) What 
is the maximum pull in each guy wire and the corresponding unit stress? (b) What is the 
vertical component of the pullin the guy wires? 

(a) Maximum pull occurs in one guy when the wind blows alongit. Pull due to initial 
tension must be added. 


Pull = R, esc 6 + pull due to initial tension. 
2 
Pull = (4,850) (1.221) + (5,000) () ct = 6,900 lb. 
6,900 
m\ (4)? 
G) 
(b) The total vertical component of the pulls on the guy wires is equal to the sum of the 


vertical component due to the wind and the vertical components of the initial tension in all 
four wires. 


Unit stress = = 35,100 lb. per sq. in. 
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Total vertical component = R, cot 55° + 4 X initial tension X cos 55° 
cos 55° = 0.574 
cot 55° = 0.700 (see Table 10) 
ie 4,850 lb. 
Initial tension 985 lb. in each wire. 
Total vertical component (4,850 )( 0.700) + (4) (985) (0.574) = 5,655 Ib. 


Iwo dl 


28. Wind Moments and Reactions for Stacks with One Set of Guys.—The 
simplest way is to consider the stack as a beam simply supported at the base and 
at the collar where the guys are attached. If the base of the stack is securely 
bolted to a rigid foundation, the base end of the stack could be considered as 
fixed and the moments, reactions, and shears computed accordingly. However 


_ the condition is quite rare where the base of the stack can be considered as fixed, 


though there are many instances where the base might be considered as partially 
fixed. The best and simplest method appears to be the one in which no allowance 
is made for the partial fixing of the base. In designing the base, the allowable 
unit bearing and shearing stresses should not be exceeded. 

The horizontal reaction (R ) at the collar is found by taking moments about 
the base, or 


ZMrase = Rhy — = = 0 
Jegelad 
scam ie 


where R, = horizontal collar reaction in pounds due to wind. 
P,, = total wind pressure in pounds on stack. 
R, = horizontal reaction in pounds at base due to wind. 
H = total height of stack in feet. 
h, = height of collar in feet. 

The horizontal reaction at the base is 


By == he Poll 


oie 
Py 
The shear at the top of the collar = eter (H — hi) 


Pe 
The shear just below the collar = Rh, — a (H — hy) 


jes al 
The shear at the base = R, = Py — hy 
The bending moment at the collar = 


(H = hi) = 


Pe 
ag: Pan er 


PH — hi) 
The maximum positive bending moment between collar and base = PyH 


H? 
( — at and occurs at a point of zero shear = (1 — =) feet above the base. 
2hi 1 


Figures 2 and 3 are curves showing how the shear and moment vary from the 
top to the base of the stack. 
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For a stack with the collar at 14 of the distance from the top: 


2H 
hy = 3 
The reactions are: 
se~ lie 
es = ar 3 R, = 4 
Samra ad 
7-1 2 
& [1t-h) 
ie : 2H 
H ‘Ts Collar 
& 
| 
1 EH, H |e 
ae ENA 
1 | 
iA, od 
4 Ne 
é ae Base 
Fie. 2.—Shear diagram for a guyed steel Fie. 3.—Moment diagram for a guyed 
stack with one set of guys. steel stack with one set of guys. 
The shears are: 
Just above the collar = -* 
Just below the collar = + a 
At the base = 2 


The point of zero shear = a feet above the base 


The moments are: 


_ PH 
At the collar ag 
At the point of zero shear = rat 


In designing a guyed stack with a collar at 24 from the base, all sections 


PH 


below the collar should be computed to carry a moment of 755 


For a stack with the collar at 14 of the distance from the top: 


3H 
b= 


The reactions are: 


poets nite 


Pe 
3 3 
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The shears are: 


Just above the collar = — t 
Just below the collar = + ae 
At the base =— “ 
i H 
The point of zero shear = 3 feet above the base. 
The moments are: 
Poo 
At the collar = 39 
At the point of zero shear = a 
as ’ 3H : 

In designing a stack with a collar at mar from the base, all sections between 
the collar and a point a from the base should be computed to carry a moment 
varying directly from ia at the collar to fet at = from the base. Sections 
below a from the base should be designed to carry a moment of at. 


Illustrative Problem.—Determine the horizontal reactions and moments due to a wind 
pressure of 25 lb. per sq. ft. on a guyed steel stack 48 ft. high and 3 ft. in diameter having 
one set of guys attached to a collar 16 ft. from the top of the stack. 

H = 48 ft. 
hi = 48 — 16 = 32 ft. = 36H. 


The collar is at a point 24 H above the base and formulas for this particular case apply. 


Pw = (48)(3)(25) = 3,600 lb. 
Rk. = 8),000) = 2,700 lb. 
Ry = ao = 900 lb. 


3,600) (48) = 9,600 ft-lb. = 115,200 in.-Ib. 


3,600) (48 
Moment at point of zero shear (12 ft. above base) = (3,60){48) = 5,400 ft-lb. = 


Moment at collar = 


64,800 in.-lb. 


29. Wind Moments and Reactions for Stacks with Two Sets of Guys.—lIf 
the stack could be considered as a continuous beam in a vertical position with a 
number of simple rigid supports, the Three Moment Theorem could be applied 
and exact values found for the reactions, shears, and moments caused by the wind. 
However, with the exception of the base, the supports can not be considered as 
rigid and the values determined by the use of the Three Moment Theorem will 
be inaccurate. Further, as the upper collar is rarely fastened at the top of the 
stack and as the span between the upper and lower collars does not always equal 
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the span between the lower collar and the base, the application of the Three 
Moment Theorem is apt to prove to be cumbersome and the computations to 
be tedious. 

An approximate method of determining the reactions, shears, and moments 
due to the wind for a stack of this type is to consider that the upper collar carries 
the wind load from the top of the stack to a point midway between the two collars, 
that the second collar carries the Joad from this point to a point midway between 
the lower collar and the base, and that the base carries the remainder of the load. 
This method gives a reaction at the upper collar less than, a reaction at the lower 
collar greater than, and a reaction at the base about the same as the correspond- 
ing values obtained by the use of the Three Moment Theorem. The sum of the 
moments of the two collar reactions about the base is practically always a little 
less than the moment of the wind pressure about the base. This indicates that 
probably the upper collar reaction found by this method is less than the actual 
reaction there. 

Another approximate method of determining the reactions, shears, and mom- 
ents due to the wind is to consider that the upper collar carries the wind load from 
the top of the stack to a point at a distance below the top of the stack equal to 
2 times the distance from the top of the stack to the collar +4 the remaining 
distance to the lower collar. The lower collar carries the wind load from this 
point to a point midway between the lower collar and the base, while the base 
carries the remainder of the load. This method gives reactions which agree 
quite closely with those found by the use of the Three Moment Theorem. Fur- 
ther, the sum of the moments of the reactions, found by this method, about the 
base is practically equal to the moment of the wind pressure about the base. 
This approximate method has been used to determine the values given in the 
following table (Table 11). 

In many instances, the number and diameter of the guys attached to the upper 
collar are the same as those of the guys attached to the lower collar, and the 
angles between the guys and the stack are all equal. In such cases, it is advan- 
tageous to place the collars so that the collar reactions are equal. 

The following table gives the values found by the latter approximate method 
for the reactions and moments in a guyed steel stack with the collars placed at 
various heights. HH = height of stack and P, = total horizontal wind pressure. 

From this table it will be noted that the reaction at the upper collar will be 
larger than the lower collar reaction in most instances. The design of the 
upper collar and its guys should be based on the reaction value given in the table 
and the lower collar and guys should be the same as the upper. This seems to 
give a stronger lower collar and guys thanis warranted by the tabulated reactions. 
However, if the upper guys stretch a little, the upper collar reaction wil! be 
decreased and the lower collar reaction increased while the base reaction will 
stay about the same. Hence it is advisable to make the lower collar and guys 
stronger than the tabulated reaction requires. Making both collars and sets of 
guys the same simplifies the design and construction. 

In designing for moment, it is practical and safe to design each of the middle 
and lower sections over their whole length for the maximum moment which 
occurs in that section. The upper section should be designed as a cantilever beam 
with the maximum moment at the upper collar. 


. 


Sec. 6-30] CHIMNEYS 469 


Taste 11.—ApproximaTe Winp Reactions AND Moments ror Guymp STEEL 
Stacks wita Two Ssrts or Guy Wires 


ee cod ia bee | atone nt pnp he used in 
Sum of 
- moments of 
Beiween reactions 
ace Lower As | upper | Are | ee ouae 
Upper | Lower | coliar | collar | Base < i eae i collar = (0.5P..H) 
collars and base 
2H H 2P» Pw Py | Pull TEMAS E J egeda f lec dal 
3 3 3 6 6 18 18 18 ee 
3H H Pw Pw Pw | Pull (Path deel Depa 
4 2 2 4 4 | 42" 32 32 2 
8H H 9P yee feR NEST 8 i Teak leedel 51P.H 
0 2 20 ‘10° 4 50 50 ae 100 
85H | 6H | 7Pe | 7Pe | 3Pe|9PwH| 9PwH | 9PuH 203P HH 
100 10 20 20 10 | 800 800 200 400 
85H | 5H APS ee Pao OEaali sie OP alls Pe 103P.H 
100 | 10 10 20 4 800 800 32 200 


30. Wind Moments and Reactions for Stacks with Three Sets of Guys.— 
The discussion relating to the wind moments and reactions for a stack with two 
sets of guys applies to a stack with three sets of guys. The same approximate 
method is used for determining the collar reactions in the following table (Table 
12) as was used for Table 11. 


Taste 12.—ApprRoxIMATE WIND REACTIONS AND MoMENTS FOR GUYED STEEL 
Sracks wit TurEeE Sets or Guy WIRES 


Height of collar 


Ri aGhined Reactions at Moments to be used in design 

= = ———_—___— Sum of 
moments of 

eek Bis al reaction 
i : reeR | Between about base 

: ; Mid- At | upper | mid- 
Mid- Upper Lower | lower should 
Upper Lower dle ‘ Base | upper| and dle 3 is 5 

PP dle collar | .onar | collar Pata imenition | and collar (0.5PwH) 


dle | lower and base 


collars} collars 


Each collar and attached guys should be designed to carry the maximum 
tabulated collar reaction for safety and other practical reasons. The steel over 
the entire length of each section, except the top section, should be able to carry 
the tabulated bending moment for that section. The steel in the top section 
acts as a cantilever with the maximum moment at the upper collar. 
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31. Unit Stress in Stack Plates Due to Wind Moments.—In determining the 
unit stress due to the bending moment caused by the wind pressure, it is assumed 
that the stack may be considered as a vertical beam and that the ordinary formula 
for finding the unit bending stress in a beam applies 


,_ Me 
i 
where 
$s = unit stress in pounds per square inch in extreme fiber due to bending. 
M = bending moment in inch-pounds. 
v = distance from neutral axis to extreme fiber in inches. 
I = moment of inertia of section in inches.‘ 
For a hollow cylinder 
D 
Ng 
I = 5 (Dt — Dit) 
where 
D = external diameter in inches. 
D, = internal diameter in inches. 
Now Di —Du= 2 
where ¢ = thickness of steel plate in inches 
D, = D — 2t 
T 
T= galD* — (D — 2t)4] 
D 
ae 32 MD 


Bar ap [Dt — (D — 2) m[D4 — (D — 2t)4] 
64 
wy 32MD 
~ [D4 — D4 + 8D% — 24D? + 32De3 — 1664] 
oy 382MD 
~ [8D — 24D%2 + 32Dt3 — 16¢4] 
As the values of ¢*, t’, and ¢4 are quite small, the three terms in the denominator 
containing them may be neglected without appreciable error in the result. 
Then 


32MD 4M q 
8D = ZDY (unit stress formula) 


8s = 
Thickness of plate required for bending moment only: 
4M ‘ 
i= =D (thickness formula) 
The stress per inch of circumference 
4M ? ? 
st = =p (stress per inch of circumference formula) 


The stress per foot of circumference 


48M 4M : 
pe xD?, , (stress per foot of circumference formula) 


os 
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where 


Mj. = bending moment in foot-pounds. 
Dj;: = diameter in feet. 


DESIGN OF A GUYED STEEL STACK 


Assume that it is required to design a guyed steel stack for the following 

conditions: 

Diameter: 4 ft. 3 in. 

Height: 90 ft. 

Breech opening below base of stack so that gases enter stack at bottom. 

Unit stresses: Tension (and compression) on net section of plate = 12,000 lb. 
per sq. in. Shear in rivets = 9,000 lb. per sq. in. Bearing 
in rivets = 18,000 lb. per sq. in. 

Wind pressure: 25 lb. per sq. ft. on vertical projected area. 

Stack is unlined. 

Minimum thickness of plate = 34g in. 


Note.—Plates 34, in. thick are much stronger than are actually needed to 
carry the loads on this stack. No. 10 BWG or No. 8 BWG plates would be 
strong enough. However, 3{.-in. plates may be procured in widths up to 
90 in. while plates of No. 10 and No. 8 BWG may be procured in widths up to 
72 and 84 in. respectively (Bethlehem Manual of Steel Construction). This 
would mean that there would have to be more sections and as many more hori- 
zontal joints and consequent riveting if these thinner plates were used. A 
stack made of 34,-in. plates is stronger and should have about twice the life of 
one constructed of No. 10 BWG plates. 

Stack must be designed for the unit stresses caused by the following loads: 


(1) Weight of stack. 
(2) Horizontal wind pressure. 
(3) Pull of the guy wires. 


Tension and compression will be caused by the moment due to the wind 
pressure, while the weight of the stack and the vertical components of the pulls 
of the guy wires will cause compression only. Hence, the unit compressive 
stresses will be larger than the unit tensile stresses. ‘The wind pressure and the 
horizontal components of the pulls of the guys will cause horizontal shearing 
stresses. The resulting unit shearing stresses will usually be quite small on the 
area on any cross-section of a guyed stack. Provision must be made at the base 
of the stack so that the horizontal shear there will be transmitted to the supports. 


Wind Pressure and Bending Moment. 
The total wind pressure: 
Pw = (4.25) (90) (25) = 9,562.5 Ib. 
The total bending moment of the wind about the base: 
My = (9,562.5) (994) = 430,312.5 ft-lb. 
= 5,163,750 in.-lb. 


Number of Sections.—Other conditions being equal, it is usually advantageous to us 4 
plates about 6 or 8 ft. wide. The width selected should be such as will give an integril 
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number of sections, and, if 4 in. is allowed for laps on an average, sixteen 72-in. sections 
will be required. Of course, if plates other than 72 in. wide are more available, the stack 
may be constructed of these. About 3 in. may be allowed for the lap for a single riveted 
lap joint, about 5 in. for a double riveted lap joint, and about 7 in. for a triple riveted 
lap joint. This allowance will vary somewhat depending on the size of the rivets and 
the allowable spacing between rows of rivets and between a row of rivets and the edge 
of the plate. 

Location of Collars and Resulting Stresses in Guys—Two collars each with four 
1g-in. galvanized wire cables should be sufficient for guying the stack. One collar will 


be located at SH or 72 ft. above the base and the other collar at 2 or 45 ft. above the 
base of the stack. It will be assumed that the guy wires make an angle of approximately 


60 deg. with the vertical and that the initial tension in each guy is not more than 5,000 lb. 
per sq. in. 


Table 11 shows that the horizontal wind reaction at the upper collar, R, = ae. 
Upper collar reaction = 0502) = 4,300 lb. 
Maximum pull in one guy occurs when the wind blows along it or 

P, = R, ese 60° = (4,300) (1.155) = 4,965 lb. 

esc 60° = 1.155 (See Table 10) 
Total pullin guy wire = 4,965 + pull due to initial tension = 4,965 + ad =5,950 lb. 
This total pull gives a maximum unit tensile stress in the guy equal to (5,950)(06) = 
TT 


80,300 lb. per sq. in. 
Total maximum vertical component of the pulls of the guys at the upper collar 
= 4,300 cot 60° + (4) (985 cos 60°) 
= (4,300) (0.577) + (38,940) (0.500) = 4,450 Ib. 


The lower collar will be considered to have the same forces acting on it as act on the upper 
collar. This assumption is safe. 

Upper Portion of Stack.—The upper portion of the stack, extending from the upper 
collar to the top of the stack will be designed first. 

As this upper portion acts as a cantilever above the collar and as 34g in. is the minimum 
plate thickness permitted in this design, the section just above the upper collar will be tested 
to see if it can safely carry the loads at that point. If this section is safe, all sections above 
it will be safe as the loads on them will be less. 

The maximum compressive stress on this section will be caused by the weight of the 
stack above the section and the bending moment due to the wind acting on the stack above 
this section. 

The maximum compressive stress per inch of circumference will equal 


Wo 4M. 
xD + xD? 
Ww (90 — 72)119.6 : : 
en rs Seas TTT 13.4 lb. per in. (see Table 9 and interpolate to get value of 


119.6 for 51 in. in diameter). 
PoH — (9,562. 
M, = moment at collar =="* = (9,562 B09) 2) = 206,550 in.-Ib. (see Table 11). 


9 5 
* = (4) 06 559) = 101.1 lb. per in. 
Maximum compression stress per inch of cireumference = 13.4 + 101.1 = 114.5 lb. per in. 
compression. 
Maximum tension stress per inch of circumference = 101.1 — 13.4 = 87.7 lb. per in. tension. 
A 3{¢-in. plate with one row of 3¢-in. rivets spaced 1.125 in. on centers will give an 
allowable stress of 


(0.074) (12,000) = 888 lb. per inch of circumference (see Table 7 for value 0.074). 
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Same plate with one row of }4-in. rivets spaced 1.50 in. on centers will give an allowable 
stress of 


(0.094) (12,000) = 1,128 Ib. per inch of circumference 


Use the one row of }4-in. rivets spaced 1.50 in. on centers for both horizontal and vertical 
joints above the upper collars. This spacing of 1.50 in. will have to be modified slightly in 
order to get an integral number of rivets in any horizontal joint. 

For example, 7 X 51 in. = 160.22 in. 


160.22 = 107 rivets = 1.497 in. on centers rivet spacing based on internal diameter of stack. 
4 

20 Pe 

= ($49) (9,562.5) = 1,912.5 lb. 


Horizontal shear just above upper collar = 


Horizontal shear below upper collar 
= 20Pu — $20Pu = 4o0Pu = 540 (9,526.5) = 2,390.6 lb. 
Unit shear = 2,390.6 + net cross-sectional area 
= 2,390.6 + (a) (51)(0.094) = 158.5 lb. per sq. in. 
Upper portion of stack is safe in shear, compression, tension, and bending. 
Central Portion of Stack.—This part of the stack is the portion between the upper and 


lower collars, and extends from a section 72 ft. above the base to a section 45 ft. above the 
base. 


The maximum bending moment inthis section = rel (see Table 11). 


(9,562.5) (90) (12) 
50 
While the bending moment varies to some extent between the collars, it is safe to con- 


Substituting value for P, and H, this moment equals = 206,550 in.-lb. 


. . PwH . . . 
sider this maximum moment (F=*) as applying to any horizontal section between the 


collars. 
The weight of the stack at a section just above the lower collar will equal 


(90 — 45) 119.6 = 5,382 lb. (See Table 9.) 


This portion of the stack will also have to carry the load caused by the vertical compo- 
nents of the guy wires attached to the upper collar. The maximum value of these vertical 
components equals 4,450 lb. as computed in a previous paragraph. 

The maximum compression stress per inch of circumference will occur on a section just 
above the lower collar and will 


E. 
4M fe Ww i: (guys) 


SDF > ei! ae 
_ (4)(206,550) 4 -5:382 4,450 
~ — (r) (51)? (r)(51) ~ (*)(51) 


101.1 + 33.5 + 27.7 = 162.3 lb. per in. comp. 


Maximum tension stress per inch of circumference = 101.1 — 27.7 — 13.4 = 60 Ib. perin. 
tension, and occurs just below the upper collar. 
A 3{¢-in. plate with )4-in. rivets spaced about 1.50 in. on centers is safe, as this plate 
can carry a compressive load of 1,128 lb. per in. of circumference. 
The maximum unit shearing stress will occur at a section just below the upper collar 
and equals 158.5 lb. per sq. in. 
Lower Portion of Stack.—This part of the stack extends from the base to the lower collar 
45 ft. above the base. 
The maximum bending moment in this section 
_ PwH 
- 32 


(see Table 11). 
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Substituting values for Py and H, this moment equals 
(9,562.5) (90) (12) 

32 
This moment will be considered as applying to any horizontal section in this portion of the 


stack. 
The weight of the stack will be a maximum at the base, and will equal 


(90) (119.6) = 10,764 lb. 


The compressive load due to the vertical components of the pulls of the two sets of the 
guys will equal, considering the pulls in the lower set equal to the pull of the upper set, 


(2) (4,450) = 8,900 Ib. 


= 332,735 in.-lb. 


7p KX Top band 24%. Riveted to 
| top plate byg rivets,3 an certfers 
f: 
to 
ty & ge bolt 
wa ‘ie 


Wey of 
trand guys with 2 turmbuckles 
and fastenings made with! 
i. rope clips 


a 


ae 


wae. 2 Plates with 2, piers 
Spaced about ix on centers 
One row of rivets for each 
horizontal and each vert joirt 


aa 


Band ongle 3-38 riveted 
to bottom plate bys rivets 
Son centers 


Se Se EAS Sy ie we ae 


Morizontal leg of angle to hove x. holes 
for the # baits fastening stack to supports 


Fie. 4.—Ninety-foot guyed steel chimney. 


The maximum compression stress per inch of circumference will occur on a section just 
above the base, and will 
4M. , W P (guys 
net oh kee 
4 X 332,735 10,764 8,900 
@)6)? + @6l) * WEI 
= 162.9 + 67.0 + 55.4 = 285.3 lb. per in. comp. 


'The maximum tension stress per inch of circumference will be less than half of this compres- 
sion stress. 

The 34¢-in. plate with }4-in. rivets spaced about 1.50 in. on centers is safe as it will carry 
a compressive stress of 1,128 lb. per in. of circumference. 


4 
2,390.6 

(mr) (51) (0.94) 

The 3(g-in. plate with 14-in. rivets spaced about 1.50 in. on centers in both horizontal 

and vertical rows is satisfactory. The pitch of the rivets cou!d be increased to 10 times the 


The unit shear at the base equals divided by the net cross-sectional area of the steel or 


= 158.5 lb. per sq. in. 
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thickness of the plate (which is about the maximum for tight joints), or 1.875 in. on centers, 
without causing any high stresses in rivets or plates. 

Figure 4 shows the details of this 90-ft. stack. 

Band at Top of Stack.—A flat steel band, say }4 by 214 in. should be riveted to the top 
of the uppermost plate at the top of the stack to stiffen it at this point and also to provide a 
support for the block and wire cable. If desired, a 214- by 2-in. angle, 3¢ or 14 in. thick and 
with the 2-in. leg horizontal, may be substituted for the band. 

Band at Bottom of Stack.—The band at the bottom of the stack should be an angle, say 
3 X83 X 3¢ in. thick with the 34-in. leg horizontal, riveted to the bottom of the lowest 
plate. This angle should be bolted to the supports of the stack by about 12 or more bolts 
of about 34 in. in diameter to make a tight joint and to transmit the horizontal shear at the 
bottom of the stack to the supports. In a stack of this diameter, about 12 bolts would be 
needed to make a tight joint. The unit shearing stress in each bolt will be very small. 

When the supports have a vertical projection which fits inside the bottom of the stack 
and makes a tight joint and transmits the shear, only a few bolts are needed to keep the 
stack in place. 

When the stack rests on its own foundations and the breech opening is above the base, 
a 3-in. circular plate is placed between the foundations and the bottom band of the stack. 
The base of the stack should be bolted to the foundations by 34-in. bolts spaced about a foot 
apart and passing through the plate and angle band. 

Clean Out Door.—No clean out door is needed, if the stack is supported in such a manner 
that the gases enter the stack through the base. 

When the stack rests on its own foundations and there is a breech opening above the 
base, a clean out door, say 18 X 24in., should be placed near the bottom of the stack. The 
plate around the opening should be reinforced in both vertical and horizontal directions by 
angles, say about 244 xX 2144 x 4 in. in size. 

Collars and Guys.—Each collar for this stack is to be made of two semi-circular bands 
3 X 5 in. in size bolted together on the stack by two 7-in. bolts. Each collar is to have 
four 7-in. eye bolts equally spaced for attaching the guy wires. 

The guy wires shall be 14-in. galvanized wire cables of sufficient length provided with 
34-in. turn buckles, and the fastenings shall be made with }4-in. wire rope clips. 

Erection of Guyed Steel Stacks —Guyed steel stacks are usually constructed in sections 
in the shops and then shipped to the place where they are to beerected. In the smaller and 
shorter stacks, the sections are usually riveted together on the ground and then the whole 
stack is erected by the aid of a gin pole, shear legs, or block and tackle fastened to a high 
structure near by. In some instances the stack is erected by sections, each section being 
securely guyed in place before the next section is added. Guyed steel stacks constructed of 
about /4 in. or thicker plates are often erected plate by plate on the job as are the larger 
self supporting stacks. Guys are placed in position as the stack is erected. 


SELF-SUPPORTING STEEL CHIMNEYS 


Self-supporting steel chimneys have been satisfactorily constructed and used 
up to 30 ft. in diameter and 400 ft. in height. Comparatively large numbers of 
these chimneys from 150 ft. to 300 ft. in height have been built for various indus- 
tries. They are invariably of a cylindrical section and usually have a conical 
section at the base. 

The lining usually extends over the entire height. A few chimneys have been 
constructed with the lining extending from half to three-fourths the height, and 
possibly a few with no lining at all. 

32. Self-supporting Steel Chimney Weights.—The weight of a self-supporting 
steel chimney equals the weight of the steel plus the weight of the lining. 

The weight of the steel may be taken at 490 lb. per cu. ft. and from 15 to 20 
per cent added to care for laps, rivets, and manufacturers’ overweights. In the 
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following table (Table 13) about 1714 per cent has been added to the net weight 
of the plate. 

The weight of the lining is usually taken at 120 lb. per cu. ft. for the fire brick 
masonry, though a weight of 135 lb. per cu. ft. has been used. The thickness of 
the lining is usually 5 in. (4-in. brick and 1-in. backing) for the upper 150 ft. of the 
height and 7 in. (6-in. brick and 1-in. backing) for the remainder of the height. 


TasLE 13.—WbrIGHTS PER CIRCUMFERENTIAL INCH AND PER CIRCUMFERENTIAL 
Foor or SELF-SUPPORTING STEEL CHIMNEY Sections 1 I'v. HiaH DvE To 
STEEL AND Masonry 


Steel plates Brick masonry 
| i Weight 120 lb. per cu. ft. 
Weight per Weight per : 
Thickness,| circumferential | circumferential Weight per 
(inches) inch, foot, Thickness, circumferential 
(pounds) (pounds) || (inches) 
| inches | feet 
34 6 0.75 9 5 ey 8 50.0 
4 1.00 12 6 5.00 60.0 
46 1.25 15 7 5.3835 44 70.0 
34 1.50 18 8 6.67 80.0 
We LW 21 9 7.50 90.0 
Weight 135 lb. per cu. ft. 

¥ 2.00 24 | 5 | 4.68 56.3 
% 6 2.25 Pings 4 / 6 | 5.63 67.5 
5g 2.50 30 7 | 6.56 78.8 
1/6 2.75 33 8 Ly 8.0 90.0 
34 3.00 36 \| 9 | 8.43 101.3 
13/6 8.25 39 

% 3.50 42 Steel is considered to weigh 490 lb. 
15/6 3.75 45 per cu. ft. and 1714 % is added for laps, 

1 4.00 48 '| rivets, and manufacturers’ overweights. 


Norr.—In making computations, the diameter shall be taken equal to that of the 
steel plate, or equal to the interior diameter plus twice the thickness of the lining. 


Illustrative Problem.—A lined self-supporting steel chimney is 7 ft. in internal diameter 
and 145 ft. high. For the be deihad 75 {t., }4-in. plates are used; for the next 20 ft., 54 g-in. 
plates; for the next 20 ft., 3¢-in. plates; and 7 g-in. plates for the remainder of the stack. 
The lining is of brick masonry 5 in. thick and 120 |b. per cu. ft. estimated weight. What is 
the total weight of the stack? 

The diameter of the steel shell equals 


7T+1%_ = 75 ft. 
The weight of 5-in. masonry per circumferential foot for a stack section 1 ft. high is 
(see Table 18) 50 lb. per ft, 


Ap nme 
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The total weight of masonry 
= (50) (7) (75€) (145) = 179,000 lb. 


Weight per circumferential foot of }4-in. steel for a stack section 1 ft. high (see Table 11) = 
12 lb. per ft. 


Of 54¢-in. steel = 15 Ib. per ft. 
Of 3¢-in. steel = 18 lb. per ft. 


Of %{¢-in. steel = 21 lb. per ft. 
Wt. of 14-in. steel = (12)(75)(r)(756) = 22,200 
Wt. of 54¢-in. steel = (15) (20) (7)(756) = 7,400 
Wt. of 3¢-in. steel = (18) (20) (7) (756) = 8,870 
Wt. of %¢-in. steel = (21)(30)(x)(754) = 15,530 


Total weight of steel = 54,000 
Total weight of stack = 54,000 + 179,000 = 233,000 lb. 


33. Conical Section at Base.—The conical section of the base reduces the unit 
stresses in the steel in the base of the stack and makes it easier to transfer the 
stack loads to the foundation. The height of the conical section is usually taken 
as about 16 of the height of the chimney. The diameter of the conical section 
at the base is usually from 50 to 75 per cent larger than the stack diameter. The 
proportioning of the conical base section varies with different companies and 
designers and, consequently, no definite rules can be given. 

34. Design in General.—In general, a self-supporting steel stack may be 
treated as a vertical cantilever beam subjected to loads caused by the horizontal 
wind pressure (usually 25 lb. per sq. ft. of vertical projected area) and the weight 
of the stack. An allowance for possible earthquake stresses must be made for 
chimneys to be constructed in certain localities. The maximum unit stress will 
be compression and will occur on a section when the wind is blowing. The maxi- 
mum unit stresses should not exceed the allowable unit stresses, given in Art. 20, 
p. 456. 

In designing a horizontal joint, the rivets must be able to transmit the maxi- 
mum compressive stresses occurring in any part of the joint without exceeding 
the allowable unit rivet stresses in bearing and shear. The gross thickness of 
the plate must also be able safely to take this compressive stress, while the net 
or effective thickness of the plate must be able safely to take the maximum 
tensile stress in any part of the joint. 

The thickness of a plate should not be less than }4 in. and the upper section 
(or two upper sections in case of a very high stack) should be a 5/¢-in. plate to 
allow for more corrosion at the top of stack. The width of a plate is usually 
chosen at about 6 or 8 ft. so as to reduce the number of sections required and yet 
not have the plates too wide for ease of erection. A length of about 18 ft. is 
convenient for shop and erection work. The horizontal joints should be designed 
with one, two, or three rows of rivets keeping the rivet spacing within the limits 
prescribed and making the joints as efficient as it is practical to do. One row of 
rivets is usually enough for a vertical joint. After the plates and joints have 
been selected and designed, such details as lining supports, chimney cap, ladders, 
painter’s trolley, base plates, etc. should be considered. Care should be taken 
in designing the breech opening so that it will be properly reinforced and the 
stack not weakened at this point. The details of the base, base plate, size and 
number of foundation bolts should be carefully determined. 
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The foundations should be properly designed so that the allowable soil pres- 
sures will not be exceeded and the unit stresses in the foundation itself kept below 
the allowable unit stresses specified. 

35. Method of Procedure in Design.—The following method of procedure is 
practically the same as that used by the Chicago Bridge and Iron Works and 
gives a practical design of the chimney with a reasonable amount of time and 
work. The general method of procedure is as follows: 

(a) Lay out the stack to scale, 8 or 10 ft. to the inch being a convenient 
scale. 

(b) Choose the number of sections or courses including laps, using a plate 
width of about 6 or 8 ft. 

(c) At various sections compute the stresses per inch or foot of circumference 
due to wind and the weights of the lining and the metal. The compressive stress 
equals the sum of these, and the tensile stress equals the wind stress minus the 
weight of the metal. 

(d) Draw a vertical base line parallel to the axis of the stack and equal to its 
height. Lay off the tensile stress values to the right of the line and plot points. 
Draw a curve through these points. This is known as the tension curve. 

Then lay off the compressive stress values to the right of the line, plot the 
points, and draw acurve. Thisis the compression curve. Ascale of 1,000 lb. per 
in. of circumference to 1 in. is convenient. 

(e) From a lap joint rivet table or by computation, select a suitable joint for a 
44-in. plate with one row of rivets, say 5¢ or 34 in. in diameter. Compute the 
compressive value of the joint per inch or per foot of circumference. This will 
depend on the bearing or shearing value of the rivets or on the compression value 
of the gross section. Plot this value to the right of the base line. Where a 
vertical line representing this value cuts the compression curve thus limits the 
length of stack in which this joint can be used. Compute the tension value of 
the joint per inch or per foot of cireumference, plot this value and note if the 
part of the stack in which this joint is used is safe in tension. The tension value 
per inch of circumference equals the product of the net thickness in inches times 
12,000 lb. per sq. in. 

Repeat the process for a }4-in. plate with 2 rows of rivets, say 5¢ or 34 in. in 
diameter. 

Repeat the process for a 54g-in. plate with 2 rows of rivets, say 5¢ or 34 in. in 
diameter. 

Repeat the process for the next size of plate and 2 rows and then 3 rows of 
rivets. 

Continue until enough plates and joints have been selected for the entire 
height of the stack. 

(f) Design the supports for the lining. 

(y) Design the cap at the top of the chimney. 

(h) Design the painter’s trolley and track. 

(7) Design the ladder. 

(j) Design the lightning conductor. No lightning conductor is needed for 
a self-supporting steel chimney under ordinary conditions. If the chimney is 
supported so that there is no metal connection between the plates and the ground, 
some form of metal connection should be provided. 
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(k) Design the breech opening. This is an important part of the design and 
should be very carefully done so that the stack will not be unduly weakened. 

(1) Design the baftle plates, if any are required. 

(m) Design the clean out door at the base. 

(n) Select the size and number and spacing of the foundation bolts, being 
careful that the unit stress of 15,000 lb. per sq. in. is not exceeded on the net 
section, and that 1¢ or 4 in. is added to the bolt diameter to allow for 
corrosion. 

(0) Design the base plate. This may be cast iron, cast steel, or it may be 
built up of structural elements. Cast iron is not as satisfactory as steel. See 
that the necessary foundation bolt holes are correctly located and that proper 
provision is made for transferring the stresses in the stack to the foundation 
through the base plate. The base plate should be securely riveted to the base 
of the stack. 

(p) Check the unit shearing stresses caused by the horizontal pressure of the 
wind at various horizontal sections of the stack. Suggested sections are joints 
where the number of rows of rivets or the plate thicknesses are changed, the joint 
at the top of the conical section, a section through the breech opening, and a 
section near the bottom of the conical section. The foundation bolts should be 
investigated for shear also. The net sections should always be considered. In 
general, the unit shearing stresses caused by the wind in any horizontal section 
will be found to be quite small. 

(q) Design the foundation so that the allowable unit soil pressures will not 
be exceeded. The foundation must be of such size that the line of resultant 
pressure will never fall outside the base as this would cause the overturning of 
the stack. When practical, the foundation dimensions should be such that the 
resultant pressure will cause compression over the whole bottom section of the 
foundation. Provide washers or hooks for the foundation bolts so that the unit 
stresses in the concrete due to these bolts will not be too large. Design the 
foundation so that the allowable unit stresses within the foundation itself will 
not be exceeded. 

(r) Check over the design to see that it is reasonable and practical, and that 
no details have been omitted. 

(s) Make all general and detail drawings required. 

36. Design of Foundation Bolts.—It is practically impossible to derive an 
exact formula for determining the stresses in foundation bolts because of the 
varying physical conditions entering into the problem. The planes of the contact 
surfaces of the foundation and the stack base may not be exactly plane and paral- 
lel. The nuts on the bolts may be a little loose or just tight or they may be 
turned up until there is considerable initial tension in the bolts. 

There have been several formulas proposed for the design of foundation bolts 
for self-supporting steel standpipes and chimneys. These formulas give different 
results because of different assumptions made when they were derived. 

An article on ‘Anchor Bolt Tension” with editorial discussion appearing in 
the Engineering News of April 30, 1914, gives the results obtained from six differ- 
ent formulas. The editorial discussion brings out the difficulties of deriving an 
exact formula and shows how different results may be obtained due to different 
physical conditions. 
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In designing anchor bolts for a self-supporting steel chimney, the weight of 
the lining is not considered as the steel work is usually built first and the masonry 
lining added afterwards. Sometimes a considerable portion of the lining is 
removed and renewed during the life of the chimney. This means that the 
anchor bolts must be large enough to keep the chimney 
from overturning before the lining is built and also in 
case the lining is removed. 

The following formula is the same as that used 
by the Chicago Bridge and Iron Works. It is easy 
to understand and apply and it gives results for the 
anchor bolts which are on the safe side. 

In deriving the formula it is assumed that the 
neutral axis is perpendicular to the direction of the 
wind and passes through the center of the horizontal 
base section of the stack (see Fig. 5). 

The approximate maximum tension stress per 
inch of circumference due to wind moment, on the 
side towards the wind 


Center of 
wind pressure| 


Magnitude of 
wind. 


Wig (See Art. 81 for general derivation of this 


D2 


formula) where 


Neutra) aris 


i . . . . 
eaves Hie M = bending moment due to wind in inch- 


Draatl pounds 


Dy, = diameter of bolt ring in inches. 
The stress per inch of circumference due to weight of the steel of the chimney 
_W ' 
= Ep, Compression 
where 


W. = weight of steel in stack in pounds. 


The maximum tension stress per inch of circumference 


If there are N bolts, then each bolt will carry stress over = inches of the 


circumference. 
The maximum tension stress per bolt 


mD,j/4M _W.\ _ 4M __ W. 
N aD? wD, - ND, N 


If the bolt is also under initial tension, 7;, due to tightening of the nuts, then 
the maximum tension stress on one anchor bolt 


i 2: Sa Ue 
~ ND, N 


aly 


The number of foundation bolts for a self-supporting steel stack should never 
be less than 8 and should preferably be 10 or 12 or more depending on the size 
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of the stack. The larger the number of the bolts, the better the stress is dis- 
tributed, and the less the danger due to a loose nut on any one bolt. The nuts on 
the bolts should always be tight, and preferably should have some initial tension 
to insure that the nuts will remain tight. If small, this initial tension may be 
neglected in the design. 

After the number of bolts have been assumed, the required bolt diameter may 
be found using an allowable unit stress of not more than 15,000 Ib. per sq. in. on 
the net section. The diameter found must be increased for depth of thread and 
for corrosion. 

The following table gives the strength of bolts of different diameters. The 
strength values are based on the areas of the net section at the root of the thread. 


TasLeE 14.—TENSILE STRENGTH oF BOLTS 


Strength of rod in pounds 
Diameter Diameter of 
of bolt root of thread 
inches / inches At 12,000 Ib. At 15,000 Ib. 

/ per sq. in. per sq. in. 

34 0.620 | 3,620 | 4,530 
% 0.731 | 5,040 6,300 

1 0.837 | 6,600 8,250 
1K 0.940 8, 325 10,400 
14% 1.065 10,700 13,400 
136 1.160 12,700 15,850 
1% 1.284 | 15,550 19, 400 
15 1.389 18,200 22,700 
134 1.490 | 20,950 26 , 200 
1% ' 1.615 | 24 , 600 30,700 
2 / iD ae | 27 ,600 34,500 
24 | 1.692 36 , 200 | 45,300 
2% | 2.175 44 ,600 55,700 
234 | 2.425 | 55,500 | 69,300 
3 2.629 | 65,200 81,500 
34 | 2.879 / 78, 100 97,700 
3 3.100 ! 90, 500 | 113,200 
334 3.317 | 103 , 500 / 129, 500 
4 '3.567 120,000 / 150,000 


The anchor bolt lugs are usually riveted to the bottom plate of the stack. 
Each lug should be strong enough to develop the full strength of the bolt. The 
shearing strength and the bearing strength of the rivets fastening the lug to the 
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stack plate should equal the tensile strength of the bolt. Figure 6 shows how 
a lug is fastened to the stack plate. Anchor bolt lugs are usually not required 
with cast-steel base plates. 


Cast Steel Base 
Structural Base (Cast in Sections) 


Fia. 6.—Base plates for self-supporting steel chimneys. 


Illustrative Problem— QA _ self-supporting lined steel stack weighs 86,200 lb. (steel 
only) and is subjected to a wind bending moment of 50,000,000 in-lb. The diameter of 
the foundation bolt circle is 20 ft., and there are to be 16 bolts. What diameter of bolt is 
required if the allowable unit stress is 15,000 1b. per sq. in. and the initial tension is neglected? 


. : _4M WW 
Tension stress in one bolt = NDa N 
_ (4)(50,000,000) _ 86,200 _ ,, . 
~ (16) (20) (12) ie ee. 


Table 14 shows that a bolt 244 in. in diameter will carry this stress, and allow more than 
1g in. for corrosion. Sixteen 2}4-in. anchor bolts are needed. 

37. Design of Base Plate.—Base plates for self-supporting steel stacks may 
be made of cast iron, cast steel, or structural steel. Cast steel is always preferred 
to cast iron and structural steel is even better than cast steel for the larger stacks. 
The base plate should be riveted to the bottom plate of the stack by 2 or 3 rows 
of rivets. The rivets should be such size and number as will transmit the com- 
pressive stresses from the stack plates to the base plate. The base plate must be 
wide enough to safely transmit the stresses to the foundation. The bearing 
pressure allowed on a good concrete foundation usually varies from 300 to 600 
lb. per sq. in., fair values being 400 lb. per sq. in. with wind pressure neglected 
and 600 lb. per sq. in. with wind pressure included. The base plate must be thick 
enough so that the allowable unit bending and shearing stresses will not be 
exceeded. Figure 6 shows sections of a cast steel base and of a built up struc- 
tural steel base. 

The maximum compressive stress on the base plate is caused by the weight of 
the steel and lining and the pressure due to the wind. 

The maximum compressive stress per circumferential inch on the base plate 
in pounds per inch 

_ 4M s W.t+ W, 
= aD, wD, 
where 
M =.bending moment due to wind in inch-pounds. 
D, = diameter of base plate in inches (usually taken same as the diameter 
of the foundation bolt ring). 
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W, = weight of steel in stack in pounds. 
W; = weight of lining in pounds. 


The width in inches (c) of the base plate required 
max. compressive stress in pounds per circumferential in. 


=c= 


a = bail 
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~ allowable bearing stress in pounds per square inch on foundation. 
The required thickness of the base plate is given by the equation 


where 
a = thickness in inches (see Fig. 6) 
b = unsupported width of base plate in inches (see Fig. 6) 
f-. = allowable bearing stress on foundation in pounds per square inch 


f. = allowable bending stress in base plate in pounds per square inch 
(usually taken as 16,000 to 18,000 lb. per sq. in. for structural 


steel). 


This formula is derived as follows: Consider a section of the base plate 1 in. 


long. Using the bending moment formula f, = ue 
in which 
ay La 
Mis 2 
wid 
wae 
poate a> 
Nek sats 12 
Substituting 
© 8) (2) 
2 2 3f-b? 
ds aa a? 7 = 
12 
Solving for a 
ofe 
a= Evie 
te 


This thickness should be checked to see if the allowable unit shearing stress 


(12,000 lb. per sq. in. for structural steel) is not exceeded in the base plate. 


, b 
Actual unit shear in pounds per square inch = X fe 


The vertical leg of the base plate must be high enough to allow it to be riveted 


to the lower plate of the stack by 2 or 3 rows of rivets. 


This leg must also 


be thick enough so that the allowable unit compressive stresses in it will not be 
exceeded. The riveted joint is designed using the ullowable unit stresses used in 


the stack. 


Illustrative Problem.—Design the cast-steel base plate for a self-supporting lined steel 


stack under the following conditions: 


Weight of steel = Ws. = 86,200 lb. 
Weight of lining = W: = 398,000 lb. 


Bending moment due to wind = M = 50,000,000 in.-lb. 


Diameter of base plate (average) = D, = 20 ft. 
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Lower plate of stack is fastened to base plate with two rows of 34-in. rivets. The 
upright leg of the base plate makes an angle with the vertical of 6 deg. 55 min. (an angle 
whose tangent is 0.1212). 


Allowable unit stresses: 
Steel plate = f, = 16,000 lb. per sq. in. 
Bearing on concrete = f, = 400 lb. per sq. in. including wind. 
Pressure per circumferential inch due to wind and weights of steel and lining 
_W.tWe 4M _ 86,200 + 398,000 , (4)(50,000,000) 
~ wDs mDs? ~—s(w) (20) (12) (x) (240)2 
= 642 + 1,104 = 1,746 lb. per in. compression. 


+ 


Width of base plate required 
1,746 _ ‘ 
— “400° = 4:37 1m. 
Use 5 in. (this will make plenty of allowance for foundation bolt holes). 
Assuming that b = (0.45) (5) = 2.25 in., the thickness of the horizontal leg 


Bho — o ox «|(3)(400) _ 1,200 
mo = bP = 2.25. 4/8) 400) _ 394) L2 
. fe °® V"76,000 \ 16,000 
“: 225 fog = (2:25) ous) sini aan ee 


Use 5€ in. or 34 in. 


For the height of the upright leg use 534 in. above base to secure necessary clearances 
and spacing for 2 rowsof rivets. The thickness of the upper leg should be 5¢ or 34 in. The 
base plate may be cast in 6, 8, or 10 sections. Note that in this design the lugs for founda- 
tion bolts are to be fastened to the lower plates of the stack. Sometimes the cast-steel base 
plates are designed to take care of the foundation bolts so that no lugs need to be riveted to 
the stack plates. 

If structural sections instead of cast steel were used, the base plate might be constructed 
of an 8-in. X -in. plate and two 6- X 314- X 14-in. angles with the 6-in. legs of the angles 
vertical. 

38. Design of Foundations.—Foundations for self-supporting steel chimneys 
are usually made of concrete (plain or reinforced) of sufficient size at the bottom 
so that the allowable unit pressures on the soil will not be exceeded, and of suffi- 
cient weight to prevent overturning. The shape of the foundation is usually in 
the form of the frustum of a cone or of the frustum of an eight sided pyramid. 
Square shaped foundations are not often used because of the high pressures which 
may occur in the corners when the wind blows along the direction of a diagonal 
of the square. Round or eight sided foundations are more economical. If the 
slope of the side of the foundation makes an angle with the vertical less than 45 
deg., it is not customary to use any reinforcement in the base. However, if the 
angle is more than 45 deg., reinforcement should be used. The stresses in 
the foundation and the reinforcement required, ete., may be found by the use of 
the formulas used in the design of plain and reinforced concrete. The weight of 
concrete may be taken at 145 or 150 Ib. per cu. ft. 

The allowable unit pressure on the soil varies greatly with different kinds of 
soil. A value of 4,000 lb. per sq. ft. should not be exceeded for average soil 
conditions. 

The foundation should be of such size and weight that there will always be 
compression on the under surface. The best design will have a zero compressive 
stress on one edge increasing to a maximum compressive stress at the opposite 
edge under the extreme conditions of loading—that is, the unit stress due to the 
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weight of chimney and foundation should just equal the unit stress due to the 
overturning moment of the wind. 

In designing the foundations for a self-supporting lined steel chimney, the 
weight of the lining is usually omitted as the most severe case will occur when the 
wind is blowing on a new stack where the steel has been erected and the lining not 
yet putin. After the dimensions of the foundation-have been selected, the maxi- 
mum unit compressive stress should be computed (with weight of lining included) 
to see if the allowable unit compressive stress on the foundation has been 
exceeded. 

Foundations are designed by the ‘‘cut and try” method. A size is assumed 
and the maximum unit soil pressures computed. If this unit pressure is practically 
equal to the allowable unit soil pressure, the design is satisfactory; if not, another 
size is selected and the computations re-made. For an experienced designer, 
two or three trials will give a suitable design. Foundation depths of from 5 to 
12 ft. are common. 


39. Foundation Design Formulas. 
Let D,; = diameter of foundation base in inches 
D, = diameter of foundation top in inches 
Wy, = weight of foundation in pounds 
W, = weight of lining in stack in pounds 
W,. = weight of steel in stack in pounds 
P., = total pressure due to wind in pounds 
M, = overturning moment of wind about base of foundation in inch-pounds 
Ay = area of foundation base section in square-inches 
hy; = height of foundation in feet 
H = height of chimney in feet 
I; = moment of inertia of foundation base section in inches‘ 


Wy = Sere (D2, + D; + D. + D/) = for a frustum of a cone 
W;= (3) (*) (0.828) (D;? + D2? + D,D,) = for a frustum of an 8-sided 


pyramid. 
M, = 12P.(% + hy) 


In the case of an octagonal section the diameter is the perpendicular distance 
between any two parallel sides. 

In order to have compressive stress over all of the foundation, the unit com- 
pressive stress caused by the direct loads must always be greater than or equal 
to the unit stress caused by the bending moments. When these two unit stresses 
are exactly equal, the maximum unit compressive stress is equal to their sum, 
or twice either, and the minimum unit stress is equal to their difference, or zero. 
The unit stress on the base of the foundation due to weights of stack and founda- 
tion 


compression in pounds per square inch. 


A. WwW, + Wy ss W. = Wy 
maar, Patt SAY 
The unit stress on the base of the foundation due to bending moment of the wind 


ay 
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in pounds per square 


u(“) 
‘*\2/  M,Dy inch. Tension on wind- 
Le nae Es ward side. Compression 
on leeward side. 


(W.+W,) . M,D, if there is to be compression 


Then hay ="Ql, all over the base section. 


For an economical design 
WwW. + Wy es M,D, 
ay (|i 


For a circular section 


W.tWs_ MD; 


aD 5? 27D 4 


4 64 
or W.+ W; = f 
or DW. + Wy) = 8My 
For an octagonal section with wind blowing perpendicular to a side 
We rW ei. M,Dy; 
0.828D,;2_ ~ 2 x 0.0545D,;4 
or D;(W. + Ws) = 7.60M, 


The maximum unit compressive stress on the base of the foundation (neglect- 
ing lining) 


And the minimum unit compressive stress (neglecting lining) 
_ Wat Ws_ MD; 
» A; 2, 
Including the lining, the maximum unit compressive stress on the base of the 
foundation 


_ Wit Wit Wy, MD, 
2 A; aI; 


And the minimum unit compressive stress (including lining) 


_W.tWitWs MD, 
> Ay QI; 


Illustrative Problem.—Design a plain concrete foundation for a self-supporting lined 
steel chimney under the following conditions: 
Weight of steel = W, = 86,200 lb. 
Weight of lining = W, = 398,000 lb. 
Height of chimney above foundation = 167 ft. 
Diameter of chimney = 12 ft. 
Wind pressure = 25 lb. per sq. ft. 
Diameter of base plate = 20 ft. 
Diameter of top of foundation = D; = 22 ft. 
Maximum allowable unit soil pressure = 3,600 lb. per sa. ft. 
Shape of foundation = frustum of a cone. 
Assume a depth of 10 ft. and a base diameter of 36 ft. for the foundation, 
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Then: 
Dy = 22 ft. = 264 in. 
Dy = 36 ft. = 432 in. 
Ws = 86,200 lb. 
Wi = 398,000 lb. 


W;= (150) 00) (432)? + (264)? + (432)(264)] = 1,009,500 Ib. 
—_ (12)(25) (12) (167) (787 +10) = 56,000,000 in.-lb. 

hy = 10 ft. 

H = 167 ft. 


Ay = ({) (432)? = 146,800 sq. in. 


I; 
Check by formula 


( a) (432)4 = 1,709,650,000 in.4 


D;(W. + Wy) 28M y 
to see if there is compression all over the base 
432(86,200 + 1,009,500) = (8)(56,000,000) 
473,350,000 > 448,000,000 
The dimensions are satisfactory as there will be a little compressive stress on the wind- 
ward side under the most severe condition. 
Check by formula 
Wer Wark Wry, MzDy 
Ay 2I; 
to see if the allowable unit compression of 3,600 lb. per sq. ft. on the soil has been exceeded. 
The maximum unit compressive stress 
_ 86,200 + 398,000 + 1,009,500 re (56,000,000) (432) 
146,800 2 X 1,709,650,000 

= 10.18 + 7.07 = 17.25 Ib. per sq. in. 
or 17.25 K 144 = 2,485 lb. per sq. ft. 

This foundation is safe in regard to the allowable unit compressive stress on the soil. 

No reinforcement is required for shearing and bending stresses as a rough check shows 
that the unit shear is less than 12 lb. per sq. in., the unit bending stress (tension) is less than 
30 lb. per sq. in., and the unit shear (punching) at edge of the base plate is about 8 lb. per 
sq. in. 


a 


40. Erection of Self-supporting Steel Chimneys.—The plates and other steel 
material for a self-supporting steel chimney are all cut, punched, and bent in the 
shop and shipped to the place where the chimney is to be erected. Minor parts 
are complete as far as practical before being shipped. On the job, the base plate 
is placed on the foundation, the plates of the lower section of the stack riveted 
to it, and the foundation bolts tightened. The steel work is erected by a floating 
scaffold placed inside the stack, and this scaffold is raised section by section as 
each section is completed. On the outside, a cage is used that has rollers that 
fit on top of the plate. The general procedure is to raise a plate to its place, bolt 
it in position, and then rivet it. The bottom of any plate should fit outside of 
the plate just below it so that the flat hooks of the inside erection scaffold can 
remain in place when the plate is raised to position. Usually the lining supports, 
ladder, and other minor steel work are riveted in place as the stack is erected. 

After the steel work is complete, the lining is built in place by means of an 
inside scaffold built up from the bottom or by means of an inside scaffold hung 
from the top of the stack. 
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Fie. 7.—Details of 400 ft. steel chimney, Jerome, Arizona. (Chicago Bridge & Iron 
Works, Erectors.) 


Sec. 6-41] CHIMNEYS 489 


Immediately after completion the stack should be given one or two coats of 
a good steel paint, and repainted about every two years thereafter. 

41. The 400-ft. Steel Chimney at Jerome, Arizona.—This large self-support- 
ing steel chimney was built for the United Verde Copper Company at Jerome, 
Arizona, in 1914, by the Chicago Bridge and Iron Works. The design was pre- 
pared by Repath and McGregor, Engineers. At the time of its erection (1914) 
this 400-ft. chimney was the largest of its type in the world. 


The general data for this stack are as follows: 
Height = 400 ft. lin. Diameter = 30 ft. 94% in. 
Height of base section = 50 ft. Diameter of base section = 50 ft. 
Three flue openings. Baffle plates. 
Full lined—weight of brick lining = 112 lb. per cu. ft. 
Lining supports, 15 ft. apart. 
Wind load = 25 lb. per sq. ft. on vertical projected area 
Unit stresses — steel plates 
Tension = 16,000 lb. per sq. in. on net section 
Compression = 10,000 lb. per sq. in. on gross section 
Shop Rivets 
Bearing = 20,000 lb. per sq. in. 
Shear = 10,000 lb. per sq. in. 
Field Rivets 
Bearing = 16,000 lb. per sq. in. 
Shear = 8,000 lb. per sq. in. 
Soil pressure = 4,000 Ib. per sq. ft. maximum 
Base plate — cast steel — 18 parts or segments 
Anchor bolts — 36 in number — 4) in. diameter — 134 in. long 
— cast-iron washers 1 ft. square 
Concrete foundation, — bottom diameter = 70 ft., depth = 10 ft. 
Mix = 1-3-6 with a 1-1 mortar finish 
Reinforcement at top and bottom consists of two layers of old 45-lb. rails laid at right 
angles 
Weight of chimney = 875,000 lb. 
Many of the details of this chimney are shown in Fig. 7. 


DESIGN OF A 265-FOOT SELF-SUPPORTING STEEL CHIMNEY 


Design a self supporting lined steel chimney and foundation for the following 
conditions: 
Height = 265 ft. 
Diameter of steel = 16 ft. 
Lining = 5 in. for upper 120 ft. 
= 7 in. for lower 145 ft. 
Conical base section = 40 ft. high. 
= 25 ft. diameter at base. 
Breech opening = 9 ft. 2 in. by 23 ft. bottom of opening 47 ft. above base 
(7 ft. above top of conical section). 
Unit stresses—steel plates = 12,000 lb. per sq. in. tension on net section. 
= 9,000 lb. per sq. in. compression on gross sec- 
tion of }4-in. plates. 
12,000 lb. per sq. in. compression on gross 
section of 54g-in. and thicker plates, 
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Fie. 8.—Self-supporting 265-ft. steel chimney—general design sheet. 


Sec. 6-41] CHIMNEYS 491 


Rivets = 18,000 Ib. per sq. in. bearing. 
9,000 Ib. per sq. in. shear. 
Foundation bolts = 15,000 lb. per sq. in. tension on net section. 
Soil pressure = 3,000 lb. per sq. ft. (max). 
Concrete = 400 Ib. per sq. in. bearing. 
= 80 lb. per sq. in. shear. 
Wind pressure = 25 lb. per sq. ft. on vertical projected area. 
Weight of brick lining = 120 Ib. per cu. ft. 
Thickness of plates = 14 in. minimum. 
Base plate—To be built up of structural steel sections. 


ll 


Layout of Stack to Scale——The first step in the design is to lay out the stack to scale. 
A convenient scale is 8 or 10 ft. tothe inch. The stack may be laid out in pencil on drawing 
paper showing height, diameter, conical section, breech opening, height of different thick- 
nesses of lining, and any other data that is available (see Fig. 8 for the general design details 
of this chimney). 

Number of Sections——The second step is to select the number of sections. If the plate 
width is chosen as 8 ft. with about 6 in. allowed for laps, the number of sections will be 225 
+ 714 or 30 for the cylindrical portion of the stack. For the conical base section 40 ft. 
in height, 6 full sections will be required because the sides are battered (not vertical) and 
because 8 or 9 in. will be needed for each lap as there will probably be 3 rows of rivets in each 
horizontal joint. Total number of sections will be 36. Mark the limits of each section on 
the drawing. 

Stresses per Foot of Circumference.—The third step is to compute the tensile and compres- 
sive stresses per foot (or inch) of circumference due to wind moment, weight of steel, and 
weight of lining. Table 13 may be used for computing the weights, while the stress due to 
the wind moment may be ccmputed by the formula a 

Remember that M should be in foot-pounds and D, in feet if the stress is to be in pounds 
per foot of circumference; also that the wind moment will cause tension on the windward 
side and compression on the leeward side. The maximum tension stress per foot of circum- 
ference equals the wind moment stress minus the steel weight stress. The maximum 
compression stress per foot of circumference equals the sum of the wind moment, steel 
weight, and lining weight stresses. For convenience, these values have been computed 
and tabulated in Table 15 following. It will usually save time in designing to select the 
thicknesses of plates and the riveted joints along with the computations of stresses per 
circumferential foot. 

Tension and Compression Curves-——After the tension and compression stress values have 
been computed, they should be plotted as previously directed in Art. 35. These curves 
will generally show whether or not any of the tension or compression stress values are in 
error (see Fig. 8). 

Selection of Plate Thicknesses and Riveted Joints—By computations and the use of a 
Lap Joint Rivet Table like Table 7, the thickness of plate, both gross and net, and the size, 
number of rows and pitch of rivets may be easily selected. The pitch, in each case, will 
probably have to be changed a little from the values given in the table to make the number 
of rivets an integral number in any onerow. ‘The strength of each joint per foot of circum- 
ference may be computed and tabulated with the stress values in Table 15 and later plotted 
with the tension and compression curves as previously directed in Art. 35. The allowable 
tension stress per foot of circumference will be equal to 12,000 X 12 X the effective net 
thickness of the plate, provided that the allowable unit stressesin shearing and bearing on 
the rivets is not exceeded. The allowable compressive stress per foot of circumference will 
depend on the bearing or shearing values of the rivets or on the allowable compression stress 
on the gross section. In this design problem the least of these three values is taken for the 
strength of the joint. 

For the 14-in. plate, the compression value of the joint per foot of circumference equals 
the least of the following three values for the case in question. 

- One row of 34-in. rivets. 
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Gross plate compression value = (14) (9,000) (12) = 27,000 lb. per ft.) 


. (18,000 ) (12) 
Beara ae = G al€ NE aga in cal (lb. per ft.) 
Sh lue = (™)(_9 )| (9,000) (12) 4 . per ft. 
Gt eacaenii (7) (3) Fz in inches pone? 


Two rows of 34-in. rivets 
Gross plate compression value = (14) (900) (12) = 27,000 lb. per ft. 


: k 3\ /1\ [_(18,000) (12) | 
See Lee) (;) (Z) eer e eae (lb. per ft.) 


e T 9 (9,000) (12) 
Shear value = (2) (7) (zs) | sien a7 eiae (lb. per ft.) 


For the 5{¢-in. and thicker plates, the compression value of the joint per foot of circum- 
ference equals the least of the following three values for the case in question. 
Two rows of 34-in. rivets. 
Gross plate compression value = (12,000) (12) (thickness of plate in 
inches) (lb. per ft.) 


Bearing value = (2) (1) Essay (thickness of plate in 
inches) (lb. per ft.) 


9 (9,000) (12) 
Shear value = (2) (rte lam in aa (lb. per ft). 


Three rows of 34-in. rivets 
Gross plate compression value = (12,000) (12) (thickness of plate in 
inches) (lb. per ft.) 
9 
Bearing value = (3) (2)| eed (thickness of plate in 
‘i inches) (Ib. per ft.) 


Shear value = (8) ‘eleaie (9, 000) (12) | (lb. per ft.) 


pitch in inches 


Three rows of 7-in. rivets. 
Gross plate compression value = (12,000) (12)(thickness of place in inches) (lb. per ft.) 
(18,000) (12) E nD 2 

piteh in inches (thickness of plate in inches) (lb. per ft.) 
49 (9,000) (12) ] 


pitch in inches 


Bensne value = (3) (7%) 


Shear value = (3) OG (lb. per ft.) 


Wherever practical, the joints are designed to give a high efficiency in tension. How- 
ever, in designing the lower joints of the chimney, it will be found necessary to decrease the 
rivet spacing from that giving the best tension value in order to obtain the necessary com- 
pressive strength. This decrease in rivet spacing will decrease the tension value of the joint, 
but it is better to decrease this tension value instead of increasing the thickness of the plates. 
The tension value of each joint should be carefully checked to see if it will safely carry its 
tension stress. 

Plates 54¢ in. thick will be selected for the two top sections to allow for the greater corro- 
sion at the top of the stack. Then 1}4-in. plates will be used as far as they are strong 
enough, followed by 54 4-, 34-, 4 6-, +4-in., etc., as these thicknesses ane required. Beginning 
at the top, one row of 84-in, Kote should be used; then two rows of 34-in. rivets; followed by 
three rows of 34-in. rivets; and three rows of 7-in. rivets. This will limit the rivets to two 
sizes. For the Vertical joints, one row of rivets will be enough. Use 34-in. rivets in plates 
where 34-in. rivets are used for the horizontal joints and 7-in. rivets in plates where 7g-in. 
rivets are used in the horizontal joints. 

Check on Stress on Gross Section.—The unit compressive stresses in the gross sections of 
the plates should be checked to see that they do not exceed the values given. As the unit 
compressive stresses on the gross sections of the plates were considered when the computa- 
tions were made in selecting plates and joints, these stresses do not need to be checked again. 
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Lining Supports.—To support the 5-in. lining, 4- XK 3- X 54¢-in. bent angles may be 
used with the 4-in. leg horizontal. These angles should be of such a length that, when one 
is riveted to a plate, it will not interfere with the vertical joints. These lining supports 
should be provided in every odd numbered section beginning at the top. The vertical 
spacing will be about 15 ft. Rivets, 34 in. in diameter and spaced about every 2 ft. will be 
more than sufficient to transfer the load from the angles to the plates. 

For the 7-in. lining supports, 6- X 344-  3-in. bent angles with the 6-in. leg horizontal 
may be used. These angles should be cut in lengths, bent, and riveted to the plates in the 
same manner as prescribed for the angle supports for the 5-in. lining. The drawing (Fig. 8) 
indicates the sections where the lining supports are to be attached to the plates. The angle 
just at the top of the conical base should be about 6- X 6- X 14 in., as extra strength and 
rigidity are desired at this place. 
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Fie. 9.—Cast-iron top cap details. 


Top Cap.—For the necessary rigidity and strength of the cap and to provide the pro- 
tection for the lining, a top cap about lin. thick and 12 in. wide isrequired. Figure 8 shows 
the details of a satisfactory cap for this chimney. Figure 9 shows the details of another 
form of cast-iron top cap. 

Painter’s Trolley and Track.—The painter’s trolley and track should be fastened as near 
the top of the stack as practicable and should be of sufficient strength and rigidity to carry a 
two-man painter’s platform or cage. Figure 10 shows the details of the painter’s track and 
trolley suitable for this chimney. 

Ladder.—A satisfactory ladder should be provided extending from the base, or about 
10 ft. above the base, to the top of the stack. This ladder should be constructed in about 
15-ft. sections (except the conical base sections). The sides should be iron bars 244 x 3¢ 
X 15 ft. 6in.long. The extra 6 in. is for the joint with the next section. The rungs should 
be 5 in. square or 34 in. round and they should be spaced about 1 ft. apart. The side 
bars should overlap 6 in. at the joints and each joint should have two °¢-in. rivets. The 
center of the ladder should be about 8 in. away from the stack. The ladder lugs may be 
made of 2- X 3¢-in. bars about 12 in. long and bent so that one leg is 914 in. long and the 
other 234 in. The 234-in. leg has a hole for a 34-or %-in. rivet as the case may be, while 
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the long leg has a hole for a 5¢-in. rivet 1}4 in. from the end. Enough lugs should be pro- 
vided to fasten the ladder to the stack at every other horizontal joint. 

Design of Breech Opening.—The size of the breech opening is 9 ft. 2 in. by 23 ft. and the 
bottom of the opening is located 47 ft. above the base of the stack or 7 ft. above the top of 
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Section A-A 
Fie. 10.—Details of painter’s trolley and track. 


the conical section. As previously stated, a little more than the weight of the metal 
removed should be placed around the opening in the form of vertical reinforcement. Using 
the general rule recommended by the Chicago Bridge and Iron Works, the ratio of vertical 
reinforcing material to removed material would be about 16 to 13. 
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Assume the vertical reinforcement on each side of the breech opening to consist of 1 
angle 6 X 6 X 3% in., 1 plate 15 X 1}4¢ in., and 1 angle 6 X 334 X 94 in. This givesa 
cross-sectional area on one side equal to 8.44 + 10.31 + 5.55 = 24.30 sq. in. or 48.60 sq. in. 
for both sides. The cross-section of the metal removed is approximately 34g in. xX 9 ft. 
2 in. or 48.12 sq. in. In addition to this vertical reinforcement, six bent braces (three on 
each side) made of 12-in. 20.5-lb. channels each about 30 in. long, will be used to stiffen 
and keep the vertical reinforcement in its correct position in regard to the stack plates. 
One of these channel sections will be placed at about the center of each stack plate on each 
side of the opening. The vertical reinforcement should be of sufficient length to extend 
about 5 ft. above the top and 5 ft. below the bottom of the breech opening. 

It will be noted that the cross-sectional area of the vertical reinforcement provided is 
nearly equal to that of the metal removed. However, when the total weight of the vertical 
reinforcement is computed, with allowances for the bent channel braces and for the 5-ft. 
extensions above and below the top and bottom of the breech opening, it will be found that 
the weight of the vertical reinforcement provided is considerably more than 1%%{3 of the 
weight of the parts of the stack plates removed. 

The horizontal reinforcement at the top and bottom of the breech opening will be made up 
of 1 angle 6 X 3% x } in., 1 plate 26 X 3¢ in., and 1 angle3 X 3 X 3¢in. The cross- 
sectional area of this horizontal reinforcement is approximately 24 of the cross-sectional area 
of the vertical reinforcement, but it is sufficient for the purpose. 

The rivets for the reinforcement at the breech opening should be sufficient to transmit 
the stresses from the stack plate to the reinforcement so that the reinforcement will carry 
its proper part of the loads and so that the stack plates at the opening will not be over- 
stressed. The rivets between reinforcement and stack plates should preferably be 7% in. 
in diameter and spaced so that they will not interfere with the rivets in the horizontal joints. 

See Fig. 8 for the general arrangement of the breech opening reinforcement. 

Clean Out Door.—The clean out door should preferably be placed opposite the breech 
opening and in about the second section from the base. Clean out doors vary in size from 
about 18 X 24 in. to 24 X 36in. Ina chimney of this size, a clean out door 18 X 30in., 
or even 24 X 36in., isnot toolarge. No special reinforcement is needed around the open- 
ing as the size of the door is small compared with the size of the stack. If desired, angles 
about 34g x 316 x 5¢ in. in size, may be placed on the sides and top and bottom of the 
clean out door opening. The vertical angles should preferably extend about a foot past the 
top and bottom of the opening. 

Design of Anchor or Foundation Bolts.—A self-supporting chimney of this size (base 25 ft. 
in diameter) may be anchored to its foundation by 16, 20, or 24 bolts. Assume 20 bolts. 

These bolts must be able to transmit the tension in the plates to the foundations. From 
Table 15, it is seen that the maximum tension in pounds per circumferential foot is 25,740 
lb. Then the pull that one bolt would have to transmit would equal 

95 7 ) 
2574) 29) ) = 101,300 lb. tension per bolt. 
From Table 14, it is seen that a 314-in. bolt will transmit this load and allow about }¢ in. 
for corrosion. It should be noted that this maximum tensile stress may occur before 
the lining is placed in the chimney. A234-in. bolt would be large enough to care for the ten- 
sile stress after the lining isin place. But as the chimney may be subjected to a wind storm 
before the lining is in place, twenty 314-in. bolts will be used. The length of bolt should be 
about 120 in. so that they may extend nearly to the bottom of the concrete foundation. 

Washers will be required for the ends of the bolts embedded in the concrete as the bond 
stress between the concrete and bolts will not transmit all of the load. Assuming an allow- 
able bond stress of 80 lb. per sq. in. and an imbedment of 90 in., the total bond stress would 
be 80 X 90 X 314 X = or 79,300 lb. per bolt. The load to be carried by each washer is 
equal to 101,300 minus 79,300 or 22,000 lb. Assuming 400 lb. per sq. in. bearing pressure 
between the washer and the concrete, the net area of the washer would need to be 36.67 
sq.in. The area of the bolt hole (314 + 1g = 35¢ diam.) for a 314-in. bolt is 10.32 sq. in. 
The gross area of the washer would need to be 65.32 sq. in. The required diameter would 
be 91g in. Use cast-iron washers 914 or 10 in. in diameter. 

Another way would be to make the bolt rods a little longer and bend the end, which is to 
be embedded in the foundation, in the shape of a hook as is done in the construction of 
reinforced concrete beams. 
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Design of Lugs or Brackets for Foundation Bolts—The lug or bracket for each foundation 
bolt may be made of 2 angles, 8 X 314 X 5¢ in., with a clear space of 334 in. between them 
for the bolt. The angles should be about 31 in. long and should bear on the base plate angle. 
A filler plate will be needed between these two lug angles and the stack plates. This filler 
plate should be about 31 in. long, 18 in. wide, and 34 in. thick (thickness depends on thick- 
ness of the leg of the base plate angle). A section of an angle 8 X 314 xX 5¢ in. in size and 
11 in. long should be placed on top of the two vertical angles (see Fig. 8 for details of this 
lug.). 

As the single shearing value of one 7-in. rivet is 5,410 lb., the number of rivets required 
to fasten the lug angles to the stack plates would be 101,300 + 5,410 or 19 rivets, If 1-in. 
rivets are used, 101,300 + 7,070 or 14 would be needed. The bearing value for a %-in. 
rivet in a }4-in. plate is 7,880 lb. and 9,000 lb. for a 1-in. rivet so that the number of rivets 
required is limited by the shearing value. Use 18 rivets 7 in. in diameter for each lug 
(8 rivets for each vertical lug angle and 2 rivets in the horizontal angle section at the top). 
There will also be another 7-in. rivet passing through the lower part of each lug angle, the 
lower part of the stack plate, and the vertical legs of the 2 angles of the base plate, giving a 
total of 20 rivets. 

Checking the vertical lug angles to see if the allowable unit stress of 12,000 1b. per sq. in. 
has been exceeded, the unit stress equals 

101,300 + (2)(6.80) = 7,450 lb. per sq. in. 
a safe value. 

Deducting for 2 rivets gives 

101,300 + [2(6.80 — 1.125 X 0.625)] = 101,300+ (2) (6.10) = 8,3001b. persq. in. which 
is much less than the 12,000 lb. per sq. in. allowed. 

Base Plate Design.—A base plate built up of structural elements is required. A plate 
with two angles will be used. The angles may be used with one of theirlegs vertical and the 
lower edge of the plates of the bottom section of the conical base bent so that this edge is 
vertical for a fraction of an inch above the top of the legs of the angles. This eliminates 
considerable difficult shop and field work and makes a very satisfactory detail in cases where 
the plates of the conical base make an angle of about 16 or 17 deg. or less with the vertical. 
In this chimney, the angle is about 614 deg. 

The maximum compression per foot of circumference at the base of the stack is 42,310 
lb. (see Table 15). The maximum compression per inch of circumference equals 42,310 
divided by 12, or 3,5251b. If the allowable bearing pressure on the concrete is 400 lb. per 


3,525 : ; : 
sq. in., the base plate should be at least 400 ° 8.81 in. wide. To allow for possible 


unequal bearing between the concrete and the plate and also to provide a proper support for 
the angles resting on the plate, the width of the plate will be taken as 13 in. Assume the 
thickness of the plate as 34 in. Take the two base plate angles as 6 X 6 X 34 in. The 
6-in. leg is required for the two rows of rivets (staggered) connecting the stack plates to the 
angles (see Fig. 8 for a cross-section of this structural steel base plate). 

Check the base plate and the angles to see that the allowable unit stress in bending of 
16,000 lb. per sq. in., is not exceeded in the base plate. 

Use the bending stress formula 


where 
S = unit stress in pounds per square inch. 
M = bending moment in inch-pounds. 
» = distance from neutral axis to extreme fiber in inches. 
I = moment of inertia of section in inches.‘ 


; ee a eG 
The projection of the plate from the vertical leg of the angle is ———— 9 


= 5) in. 


; . 3,525 4 
The average load for a section of base plate 1 in. long is ~ am 271 lb. per in. 


“2 (271) (5.5) (5.5) 


2 = 4,090 in.-lb. 


M 
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As the plate and angle are each 34 in. thick, the total thickness is 144 in. andv = 3in. 
I for the section 1 in. long (assuming neutral axis between angle and plate) 


_ (2)(1)(34)* _ (2)@7) __ 9 

of 3 ~ (3)(64) 32 
_ (4,090) (0.75) 
a 0.28125 


which indicates that the thickness of plate is ample. 


= 0.28125 in.4 


= 10,900 lb. per sq. in. 


View E-E 
View A-A 


Fria. 11.—Case-steel base plate details for a 265-ft. chimney. 


If the distance (projection of the plate) is taken from the center of the plate, 


= (271) (6.5) (6.5) 


e 2 


= 5,720 in.-lb. 


and 
(5,720) (0.75) , 
= 0.28125 = 15,250 lb. per sq. in. 

which shows that 34 in. is the economical plate thickness. 

To transfer the compressive stress in the lower plates of the chimney to the base plate, 
two rows (staggered) of rivets, 7 in. in diameter will be used. 

for the compressive stress of 42,310 lb. per foot of circumference the number of rivets 
in each row required for 1 ft. for bearing would 


42.310 ____'9.¢3'tivets. Required pitch S545 = 4.561 
= (2) (%) G4) (18,000) = Trivets. equirea pite = 2.63 = 4. In. 
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The number of rivets in each row required for a length of 1 ft. for shearing (there is 
double shear and two rows) would 
42,310 c 
= (2)(2) (0.6013) (0,000) ~ 1-95 rivets 


12 E 
705" 6.15 in. 


Required pitch = 


Use two rows (staggered) of 7-in. rivets with a pitch of about 314 in. to fasten base 
plate angles to lower plates of chimney. While the pitch may be as great as 414 in., a 
pitch of 3}4 in. gives a better joint for the tension and compression stresses. 

See Fig. 11 for the details of a cast-steel base plate suitable for a chimney of this size. 
Note that no structural steel lugs for foundation bolts are required with this base. 

Unit Shear in Horizontal Stack Sections.—A few sections of the chimney will be checked 
to see that the allowable unit shearing stress in the plates is not exceeded. 

This unit shearing stress will be caused by the horizontal force of the wind. 

Consider the horizontal section just above joint 18. The plate thickness is increased 
at this joint. 

Horizontal unit shear = Wind —— 
eel area 
(25) (16) (135) - 
= G@2)(16)G4) = 358 lb. per sq. in. 
Consider the horizontal section just above joint 24. 

(25) (16) (180) 
(x) (12) (16) (546) 
Consider the horizontal section through the breech opening just above joint 29. 

(25) (16) (217.5) 
() (12) (16) (%6) — (110) (Keo) 


Horizontal unit shear = = 381 lb. per sq. in. 


Horizontal unit shear = = 400 lb. per sq. in. 

It is seen that these horizontal unit shearing stresses caused by the wind are all very low 
and do not affect the design of the chimney. 

Design of Foundations—The foundations will be of concrete. The allowable bearing 
pressure on the concrete is 400 lb. per sq. in., the allowable unit shear in the concrete is 
80 lb. per sq. in., and the allowable bearing pressure in the soil is 3,000 lb. per sq. ft. or 20.8 
lb. per sq. in. 

Assume a foundation 11 ft. deep with a top diameter of 30 ft. and a bottom diameter of 
50 ft. The slope of the sides will be 45 deg. for the first 10 ft. of depth and vertical for the 
last foot. The weight of this foundation (assuming 150 lb. per cu. ft. for the concrete) 


= 150 [ (2) 4) or + 30° + 50 x 30) + (Z) (5021) | 
= (150) (7) (18,330) = 2,165,000 Ib. 


Unit pressure per sq. ft. on soil due to foundation, steel, and lining, 
2,165,000 (2,860) (=) (25) (10,850) () (25) 


~ (oor Gor" G)oor 
= 1,100 + 115 + 435 = 1,650 lb. per sq. ft. 


The pressure per sq. ft. on the soil due to the overturning moment of the wind at the 
bottom of the foundation 


ore (25) (16) (265) Ce +9) (25) F 
= + =F rt of Ti aiaal AEECITED ot Toe> a bi an + 1,215 lb. per sq. ft. 
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On the windward side, the resulting soil pressure 
= 1,650 — 1,215 = 435 lb. per sq. ft., compression. 
On the leeward side, the resulting soil pressure 
= 1,650 + 1,215 = 2,865 lb. per sq. ft., compression. 
Considering the chimney before the lining is put in: 
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On the windward side, the resulting soil pressure 
= 1,100 + 115 — 1,215 = 0 lb. per sq. ft. 
On the leeward side the resulting soil pressure 
= 1,100 + 115 + 1,215 = 2,430 lb. per sq. ft. compression. 
The foundation is satisfactory as to size and weight as there is no tension over any of the 
foundation area under the most extreme condition and the unit soil pressure is not exceeded. 
The greatest unit shearing stress on the foundation will be at the edge of the base of the 
chimney. Consider a radial section 1 in. wide on the leeward side of the chimney extending 
from the base plate to the edge of the foundation. 
The load due to soil pressure 


2,865 pare 
= 14( 144 144 


The weight of this section of the foundation 


) 12.5) (12) = 2,665 Ib. 


_ 150 (1234 + 234)(10) ] _ 150 
= [1234 + 3 12 (12.5 + 75) = 1,095 lb. 
Net shearing load = 2,665 — 1,095 = 1,570 lb. 


- : ESC ee : 
Unit shearing stress = Gp G2) = 11.9 lb. per sq. in. 


The greatest unit tension stress in the foundation will probably be at a point under the 
edge of the base of the chimney on the leeward side and at the bottom of the foundation. 

Consider a radial section as before. 

The moment about a vertical section through this point equals the moment due to soil 
pressure minus the moment due to weight of this part of the foundation. 
Moment due to soil pressure (breaking this load up into a rectangle and a triangle). 


2,255 12.5 610) (12.5) (12) /2 4 
= Cie )a29a(S*)ax + “eaay G2 a2) 


= 208,300 in.-lb. 
Moment due to weight of foundation (breaking this load up into a rectangle and two 
triangles) 


a _ OT ae, 5) (22 5) (12) if (23 X*) (225) a2) rs eS x Nee 5)(12) | 


150 (78.12 + 390.63 + 10.42) = 71,900 in.-lb. 

Net moment = 208,300 —71,900 = 137,400 in.-lb. 

Unit tensile stress at bottom of foundation under base plate of stack 
_ (137,400) (6) 

(121) (144) 


= 47.3 lb. per sq. in. 


While this unit tensile stress is not large yet it would be advisable to place some steel 

reinforcement in the bottom of the foundation to care for this tensile stress and also for the 
\temperature stresses. 

Two layers of 1 in. square deformed rods placed at right angles to each other about 6 in. 
above the bottom of the foundation, with the rods spaced about 4% in. on centers in each 
layer, will give sufficient reinforcement. 

About 6 in. below the top of the foundation, two layers of 1 in. square deformed rods 
should be placed at right angles to each other. The spacing of the rods in each layer should 
be about 9 in. on centers. 

If thought advisable, some reinforcement might be placed near the surface on the inclined 
sides of the foundation to prevent possible cracking there due to temperature changes. 

Detailing.—After the completion of the general design, detailed drawings should be pre- 
pared for the foundation and the steel work. 

For the foundation, drawings should show the dimensions of the concrete work, the 
size and location of the reinforcement, and the size and location of the anchor bolts. 
Templets should be used to hold the anchor bolts in place while the foundation is being 
poured, 
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For the steel work, a general drawing should show the stack to scale with general data 
in regard to sections, rivets, breech opening, etc. Detailed drawings should be made for 
each plate showing all dimensions, rivet holes, ete. Location of lining supports should be 
shown. Detailed drawings are also needed for the cast-iron top cap, painter’s trolley, ladder, 
breech opening reinforcement, base plate, lugs for foundation bolts, etc. Instructions for 
the shop men and for the erectors should be included whenever necessary. Painting 


requirements, usually one shop coat inside and out and one field coat inside and out, should 
be noted. 


SECTION 7 


STRUCTURAL STEEL DETAILING 


The material in this section will deal exclusively with the work of that part 
of the drafting room of a structural steel fabricating concern wherein shop detail 
drawings are prepared. The work of designing and estimating departments of 
necessity precedes the work described and illustrated in this section. 

It is generally understood among structural engineers that structural steel 
detailing knowledge can best be acquired by actual experience in the drafting 
room where details are made. In fact, among our best detailers may be classed 
many of those who have entered the drawing room as apprentices, and with little 
or no theoretical training, have acquired their ability by practice, observation, 
and contact with experienced draftsmen, templet makers and shopmen. The 
following description and illustrations are given with the thought of presenting 
to the less experienced draftsmen, some practical suggestions and methods that 
may be of value tothem. It is further hoped that the more experienced may find 
herein some valuable data. 

1. Drafting Room Organization and Procedure.—Shop detail drawings are 
the working drawings by means of which structural steel is fabricated in the shop. 
They form the medium by which the architect’s or engineer’s sketches or general 
drawings are interpreted to the fabricating shop, in order that the latter may 
intelligently and quickly manufacture the required product. Structural steel, 
unlike many other materials, is not readily worked in the field or on the job. 
Hence accurate drawings, showing the sizes and lengths of all materials, size and 
location of all holes and rivets, all cuts, coping, and in fact every detail of a 
structure, must be made from which the shop can accurately work. A complete 
structure must be divided into sections of such dimensions that they can be 
readily handled, shipped, and erected and these sections must be marked with 
identifying marks, called erection or shipping marks, which are shown on a sketch 
of the completed structure for use of the erector. All this drafting work is done 
under the direction of the chief draftsman, who has entire charge of the drafting 
room and should be a man of unquestioned and practical ability. The draftsmen 
under the chief are usually divided into squads of from six to eight men, who are 
under the direction of a squad chief. Those under the squad chief may be divided 
into checkers, draftsmen and tracers, although sometimes checkers work inde- 
pendent of squad chiefs. After the drawings are made and checked, final bills of 
material are made therefrom for purposes of determining accurate weights for 
payment, shipping, etc. Shop lists and shipping lists are also made. These bills 


1 For more elaborate treatment of this subject, the reader is referred to ‘‘Structural 


Steel Drafting and Elementary Design’’ by Chas. D. Conklin, Jr., published by John 
Wiley & Sons. 
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are prepared in a separate department, called the billing department, under the 
direction of a chief bill clerk. 

The procedure of the drafting room is somewhat as follows: Information, 
including sketches, design sheets, general drawings, surveys, copy of estimate 
and other miscellaneous data which have been worked up in the designing and 
estimating department is handed to the chief draftsman, who examines same, 
assigns a contract number to the job, prepares his files for correspondence, ete. 
and assigns work to the squad best able to get out the details. The squad chief 
studies the work thoroughly and in detail, so that he has in mind every point 
that may arise in the preparation of the shop detail drawings. He usually makes 
a preliminary bill of material required for the job, so that the material can be 
ordered from the mill or reserved from stock. In preparing this preliminary 
bill, it may be necessary for the squad chief or an assistant to lay out accurately 
to large scale (say 3 in. to 1 ft.) any details which cannot be determined by inspec- 
tion. The preliminary bill is passed on to the stock clerk, who reserves from stock 
any desired material and hands a list of the balance to the purchasing agent to 
be purchased from the mill. This is in the form of a requisition, copies of which, 
together with copies of the material reserved from stock, are handed to the chief 
draftsman and squad chief. The squad chief then apportions the work among 
his men, according to their ability to handle it. After drawings are prepared, 
they are handed to the checker, who goes over them in detail, noting any correc- 
tions or desired changes. Drawings are then returned to draftsmen, who back 
check corrections or changes, make them, and return drawings to checker for 
approval. Drawings are then sent to the billing department for billing, and are 
then blue printed for the shop. 

A list of all drawings and blue prints made should be kept, usually on printed 
forms, by the squad chief. Extremely complicated drawings may be made in 
pencil on detail paper and traced in ink by a less experienced man. The more 
usual and simpler method, however, consists of making a pencil drawing directly 
on the dull side of tracing cloth and inking it in, all work being done by the same 
draftsman. It is very common now to have drawings made on either tracing 
paper or a specially prepared cloth, in pencil only, using a medium pencil and 
making lines very heavy. These drawings make very good blue prints, and 
effect a large saving of time, Some drafting rooms require their draftsmen to 
make a complete bill of material of the work detailed on a sheet, on the extreme 
right hand side of the same sheet. This greatly simplifies the work of the billing 
department. 

2. Ordering Material.—In the preparation of the preliminary order of mate- 
rial from which structural shapes and plates may be ordered from the rolling mill 
or reserved from stock, the following rules may be used as they represent average 


practice: 


(1) Order main material first. 

(2) Beams and channels should be so ordered that a variation of 3¢ in. in length either 
way will not affect the detail. If an exact length is desired, so state in the order and an 
extra charge may be made. 

(3) Beams and Channels. 

For wall bearing beams, and foundation beams, order neat length. 
For beams framing into other beams, order 1)4 in. less (to the nearest }4 in.) than 
the center to center distance, 
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For beams framing into columns, order 1 in. less (to the nearest 14 in.) than the 
metal to metal distance. 

For beams framing into riveted members, order 114 in. less than the metal to metal 
distance. 

Crane runway beams, order 1 in. less than the distance center to center of columns. 

Purlins, order 1 in. short (to nearest 4 in.) of distance center to center of trusses. 

If the end connections on beams are milled after riveting, increase thickness of con- 
necting angles to allow for this. 

(4) Columns. 

Order column material milled one end 14 to % in. longer than figured length. 

Order column material milled two ends, 34 to 7% in. longer than figured length. 

Order column details in 30-ft. lengths (base angles, cap angles, shelf angles, etc.). 

Order lattice bars in 20-ft. lengths. 

(5) Roof Trusses. 

Order chord angles 34 in. long. 

For web angles, lay out to scale, scale the length, add about 1)4 in. and multiple to 
30-ft. 

For gusset plates, order in multiple lengths of about 20 ft., arranging for as little 
waste as possible if corners are sheared. 

(6) Plate Girders. 

Use an even inch depth of web plate and make distance back to back of angles % in. 
greater. 

Order web plate of girder not milled on the ends, 34 in. shorter than overall length. 
If milled on the ends, order 14 in. longer than overall length for one milled end,and 34 in. 
for two milled ends. 

Order flange angles 34 in. longer than overall length. 

Order full length cover plates 34 in. longer than overall length. 

For cover plates less than full length, order the neat length. 

Mark cover plate U.M. (universal mill or rolled edges). 

Order stiffener angles with fillers 14 in. longer than neat distance between outstand- 
ing legs of flange angles. 

For crimped stiffener angles, order length equal to distance back to back of flange 
angles plus 1 in. 

For heavy fittedstiffeners, allow 19 in. for one fitted end and 34 in. for two fitted ends. 

Order fillers under stiffeners }4 in. clear of flange angles. 

For diagonal bracing angles, scale length and add 14 in. 

(7) Miscellaneous. 

Plates planed top or bottom should be ordered 14 6 in. thicker than finished thick- 
ness, for each planing. 

Plates having diagonal cuts may be ordered to sketch when over 36 in. wide and say 
34 in. thick, depending somewhat on the equipment of the shop for which material is ordered. 

Channels, I-beams, and Z-bars are seldom ordered in multiple lengths. 

In arranging multiple lengths make lengths about 30 ft. and not over 32 ft. Allow 
about 1 in. more than product of length times number required. Make all multiples end 
with the nearest bq in. 

Order plates to the nearest whole inch in width. Use stock sizes when possible. 


3. Layouts—Riveted Connections —When the preliminary bill of material 
(for ordering purposes) has been completed, the next logical step in the prepara- 
tion of shop details consists of designing the riveted connections and making 
layouts of difficult points, if such have not already been made for ordering pur- 
poses. The methods of designing riveted connections have been described in a 
previous chapter. All connections should be carefully investigated so that there 
may be no weak links in an otherwise strong structure. Difficult connections 
should be drawn out in pencil to a large scale, say 3 in. to 1 ft., in order to de- 
termine clearances, end distances, and other necessary data for detailing. These 
layouts are sometimes made and riveted connections designed by squad chiefs 
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although often such are left to the detailer. Layouts consume much time and 
should not be made unless absolutely necessary. The usual scale to which shop 
detail drawings are made is 34 in. to 1 ft.; sometimes 1 in. to 1 ft. is used. In 
such cases, it is unnecessary to make layouts of simple truss connections or other 
diagonal connections of similar nature. A careful draftsman can readily deter- 
mine all necessary data from the shop detail drawing, which for trusses and simi- 
lar work should be made accurately to scale. All shop details should be drawn 
to scale insofar as possible, the only exception to this being the length of beam 
sketches which may be distorted to save space and time. 

Theoretically, the working lines or skeleton upon which a truss or similar 
structure is laid out, should be the gravity lines of the members composing the 
truss. Practically, however, for light roof trusses, the rivet lines are used, thus 
much simplifying the work for draftsman and shop. The skeleton diagram for 
the truss is laid out first to scale and the angles or other truss members are drawn 
around the skeleton using the latter as the rivet lines of the angles, the proper 
gages (as found in the steel handbook) being used. For heavy trusses, or similar 
structures, in order to avoid excessive moments at the connections, the gravity 
lines should be used as working lines. 

4, Shop Detail Drawings.—After all layouts have been made and connections 
designed, the draftsman proceeds to make the shop detail drawing to scales as 
indicated below. In preparing shop detail drawings, the draftsman might well 
keep in mind the following rules, which are typical of modern practice: 


Make shop details to scale of 34 in. to 1 ft. or 1 in. tol ft. In exceptional cases, 14 or 
1}4 in. to 1 ft. may be used. 

Use care in placing drawing on sheet to avoid unnecessary crowding of sketches or 
dimensions. 

Size of sheet for large drawings is usually 24 K 36 in. Small sheets may be used for 
detailing beams, channels, pins, etc. Printed beam and channel sheets, with outline of 
beams and channels and dimension lines printed in black ink, save considerable time in this 
type of detailing. 

Title of sheet should be placed in lower right-hand corner. 

Detail members as nearly as practicable in the position which they occupy in the finished 
structure. Horizontal members should be detailed lengthwise and vertical members, 
crosswise on the sheet. Inclined members and vertical members, such as columns, may be 
detailed lengthwise on the sheet in which case the lower end should be placed to the left. 

Show elevations, sections, and other views in their proper positions. Place top view 
directly above and bottom view below the elevation. The bottom view is always drawn 
as a horizontal section as seen from above. ; 

For a member symmetrical about a center line, draw only the left-hand half and note 
that it is symmetrical about the center line. 

Several members, when similar, but slightly different, may be detailed on one sketch, 
the difference being shown by notes. Make such notes positive. Do not use the word 
‘‘omit.’’ If such notes become cumbersome and lead to ambiguity, avoid them and make 
another sketch. 

Eliminate all unnecessary views and lines. Show just enough to express to the shop 
what is intended. <A shop detail is just a working drawing and not a masterpiece of art. 
Do not cross hatch, blacken or otherwise elaborate a shop detail unless it is absolutely neces- 
sary to make the drawing clearly understood. 

On the other hand, make all work shown clear and distinct and all dimensions in large 
figures so that all can be easily followed. If a detail is worth making, it is worth making 
right and in such manner that the shop will have no difficulty in interpreting it. 

Make the part representing the steel work detailed of heavy black lines. Do not show 
hidden parts unless necessary for clearness and then show these parts by heavy dotted lines. 
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In detailing members which connect to others, the latter may be shown in red lines, in 
order to illustrate their relative position. Avoid the use of colored inks on shop drawings 
except in this case. 

Dimension lines and rivet lines should be made of fine black lines, full and not dotted. 
Dimensions should be placed above dimension lines, and notinoronthem. Make fractions 
with horizontal dividing lines. 

Holes for field connections should be blackened. All holes in a group should be shown, 
asarule. Rivet heads of shop driven rivets shall be shown only when necessary, as at the 
ends of members, when countersunk, flattened, or adjacent to field connections. Make 
open holes smaller in diameter (on the drawing) than the circles representing shop driven 
rivets. 

When part of one member to be detailed is the same as another already detailed, it is 
unnecessary to repeat dimensions, etc. Itis only necessary to refer to the previous sketch, 
describing the parts that are the same. 

Main dimensions, such as story heights, center to center distances, etc., when given on a 
detailed drawing, are very helpful to a checker. 

The size and length of material should be given close to the part which it represents, in 
clear, neat figures. If placed to one side, an arrowhead should indicate the material 
referred to. 

If a series of dimension lines are given adjacent to a sketch, largest dimensions should be 
given farthest from sketch, and small dimensions next to the sketch. Dimension lines 
should be drawn from 14 to 3¢ in. apart. 

Refer to steel handbook or the volume on ‘‘Structural Members and Connections”’ 
for conventional signs for rivets; that is, for method of representing, on detail drawings, the 
various kinds of rivet heads, such as button head, countersunk one or both sides, ete. 

The usual maximum sizes for shipping by railway in one freight car are 8 ft. for width. 
10 ft. for height, and 40 to 60 ft. forlength. In detailing structures, field connections should 
be placed so as to keep the member shop rivets within the above sizes. In exceptional 
cases, members may be made longer than the above and shipped on two or more cars. In 
export work, structures are usually shipped knocked down (in small pieces) to facilitate 
shipping by boat. 

Each piece that is shipped separately should have an erection or shipping mark which 
shall consist of capital letters and numerals or numerals only. Do not use small letters 
for erection marks. Pieces which are absolutely alike may have the same erection mark. 
Trusses are usually marked 7'1-72, etc.; columns C1-C2, etc. 

For purposes of assembling the various parts of one member in the shop, assembling 
marks should be used for each plate or shape. These shall consist of small letters and 
numerals. No capital letters should be used. One system of assembling marks in common 
use is given on the next page. 

Members which are absolutely similar but opposites are called rights and lefts. The 
member detailed in such cases is called the right-hand piece and the opposite one, the left- 
hand piece. The erection mark of the former is followed by a large R and the erection mark 
of the latter by a large L. 

The number of members required should be distinctly stated on a drawing. In a list 
giving the required number of members, write the word “‘one”’ out. 

Parts of members which must be shipped bolted so that they can be taken off during the 
erection should be marked ‘‘ Bolt for shipment.” 

The size of rivets, open holes, nature of shop paint, and other notes should be specified 
near the lower right-hand corner of each sheet. 

For title main dimensions, and shipping or erection marks, letter in heavy type. Use 
plain lettering, medium type, for other data. 

Usual size of rivets for building work is 34 in. in diameter. Other sizes may be 
used in exceptional cases. 

In writing shop bills, main material should be billed first, followed by smaller pieces. 
Begin at the left end of a girder or truss and at the bottom of acolumn. Do not bill all 
angles and then all plates; group the material together that is assembled together. In case 
of a column containing brackets, bill each different bracket complete by itself. The shop 
bill is used as a guide in laying out'and assembling the member in the shop as well as a list of 
material required, and should be made accordingly. Members radically different should be 
billed separately and not bunched together. 
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Use standard beam connections for connecting beams to beams, as indicated in steel 
handbook except in special cases. Watch the limiting values of such connections to see 
that they are not exceeded. 

In beam details, it is usual to make the distance center to center of end connection hoies 
514 in. In a beam detail showing the elevation of the web of a beam, it is usually under- 
stood that the horizontal distance center to center of lines of holes, when this distance is 
not given on drawing, is 514 in. and the vertical distance between holes, when not given, is 
3 in. 

Most structural steel shops have numerous standard details which should be followed 
when possible. 

Avoid unnecessary countersunk rivets, as they are very costly. Use the least possible 
number of such in the bases of columns. 

Steel handbooks give standard gages (distances center to center of lines of holes for 
flanges of beams and columns or distances from back of angle to lines of holes for angles) 
for beams, columns, and angles and these gages should be used when possible. 

Rivets should be so spaced that they can be readily driven in a shop or field as may be 
necessary. Proper clearances and spacing can be obtained from the steel handbook. 

Holes for anchor bolts are usually 14 to 5/¢ in. larger than the size of the bolts, to allow 
for discrepancies in setting the bolt. 

The usual minimum shop clearance between diagonal steel members and chords, as in 
truss work, is 4 in. Filled clearance, minimum, in such cases, should be 4 in. A beam 
framing to other steel members by means of connection angles should have an overall length 
1 in. less than the figured distance between surfaces against which the beam frames. 

When one beam frames into another with flanges at the same elevation, the flange of 
the former must be cut out or “‘coped”’ to fit against the flange of the latter. It is not cus- 
tomary to dimension a cope on a detailed drawing, but merely to call for the size of beam to 
which one detailed must be coped (see typical beam details). The shop does the rest in 
such cases. 

An erection diagram, usually a line diagram of the completed structure, should be made 
with the erection or shipping marks thereon, to enable the erector to easily assemble the 
work in the field. 

Lettering should be simple, straight line Gothic style, preferably inclined although 
vertical lettering is frequently used. Drawings should be neat and clear so as to inspire 
confidence in their accuracy. 

Dimensions given on a column, when not otherwise shown, are measured from the top of 
the base plate to the point indicated. 

Wherever a note on a drawing will help the erector, by all meansuseit. It is quite com- 
mon to place a mark on a member showing the position of one end of the member in the 
finished structure so that the erector will erect the member as intended. 


5. Assembling Marks.—The system of assembling marks which follows is 
in very common use. It has been used in the typical details at the end of the 


section. 
Shop Assembling Marks 


Typical letter Where used 
hance, priaopete For base and cap angles on columns. 
Be ee ons For bottom seat angles supporting beams and girders, connecting to 
columns or girders. 
Pee A ee oe For base plates, cap plates, and splice plates. 
a: Se). For fillers with two or more lines of holes. 
$5, s98esIe tee For fillers with single line of holes. 
Ostepteteeinasiets For gusset plates on columns or trusses. 
Ri. ast gee For all bent angles and plates. 
Beast ctige se For stiffener angles fitted at one end only, such as angles under beam 


seats or at column bases. 
ai, Date ee For miscellaneous angles and shapes not covered by the above. 
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Weeteuwe cei For miscellaneous plates not covered by the above; also tie plates. 
beau koe | For pin plates. 

Scale as For stiffener angles fitted at both ends. 

eee Reha For top connection angles tying beams or girders to columns. 
Dee oe For purlin clips. 

7 ta For web members of trusses, laterals in girders or angles in cross- 


frames unless such material is shipped loose without being 
connected to any other part. 
Peete ae For lattice bars. 


Material that appears on two or more sheets shall be identified as standard 
pieces. Standard pieces will be identified by the typical letter given under shop 
assembling marks and a figure, followed by the letter ‘‘z.”’ The letter “x” 
indicates that the pieces are standard. For example, a series of standard 
stiffener angles, fitted at one end only will be given as “‘kiz,” “‘k2z,” etc., the letter 
k indicating a stiffener angle fitted at one end only, the numerals 1, 2, etc. being 
the identifying marks, and the letter x making them standard pieces. 

For all standard pieces on an order, a summary shall be prepared. This 
summary must give the number of pieces, size, length, mark, and the sheet num- 
ber on which the piece is first detailed. All pieces having the same typical letter 
shall be grouped together as far as possible in the summary, the numbers to 
follow each other consecutively. Summary sheets shall be numbered consecu- 
tively X1 — X2, etc. Summary of standard pieces shall be made for each tier 
or shipment. 

Pieces not standard are pieces that occur only on one sheet. They will be 
identified by the typical letter given under the shop assembling marks followed 
by a small letter and the sheet number. For example, the odd seat angle shown 
on sheet number | is marked “‘bal.”” The numeral ‘‘1,”’ giving the sheet number, 
should not be given on the drawing; it should only be given in the marking column 
provided in the shop bill. Hence the angle “bal” would appear on the drawing 
as ‘‘ba”’and in the shop bill as “‘bal.’”’ Additional seat angles on the same sheet 
would be marked ‘“bb1,” “bel,” ete. No summary is made for pieces not 
standard. 

All material shipped loose shall have a shipping mark. 

The material ordered from the rolling mill must be so noted in the last column 
of the shop bill. 

6. Typical Detail Drawings.—T'igures 1 to 6 inclusive are here presented as 
being typical shop detail drawings of members most frequently met with in build- 
ing construction. Simple members were selected for these illustrations because 
of their simplicity but the methods of laying out and arrangement of sketches 
and dimensions might be studied to advantage and applied to more complicated 
structures. These methods are typical of modern practice and are easily and 
quickly applied and readily understood by shop workmen. 

Figures 1 and 2 give typical beam details. Where the horizontal distance 
between holes is omitted, distance center to center is understood to be 514 in. 
When the vertical distance between holes is omitted, such distance center to cen- 
ter is understood to be 3in. These beam sketches are taken from The American 
Bridge Company’s standard and are typical of current practice. In general 
detailing, which might be used by any shop, it is better to provide the omitted 
dimensions, size of angles, etc. on the drawing. 
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Figures 3 and 4 show shop detail drawings of Bethlehem H and built-up 
mill building columns. Figure 5 is a shop detail drawing of modern roof trusses, 
and Fig. 6 of a building plate girder. Figures 1, 2, and 5 have been taken from 
Conklin’s ‘‘ Structural Steel Drafting and Elementary Design.” 

The details shown in Fig. 5 are those for a series of steel roof trusses for a build- 
ing roof, the complete connections for purlins, struts, and bracing being shown. 
Trusses of this type and size are usually shipped in halves, the hanger at center 
and center bottom chord being shipped loose. Note the open holes to provide for 
this. 


SECTION 8 
FABRICATION OF STRUCTURAL STEEL 


1. Organization of Structural Companies.—Each company has a different 
organization and methods for estimating, making bids, preparing shop drawings 
and fabricating. All of the companies aim to eliminate duplication of work and 
unnecessary departments with the object of fabricating at minimum costs to 
meet competition. 

The smaller companies operate one plant and maintain a general office where 
the executive officers are located. The main office handles all of the correspon- 
dence for submitting bids and taking contracts. The estimates for new work, 
designs, and shop drawings are made at the plant. 

The larger companies have a general office, sales offices in a number of the 
larger cities and several plants. Contracts are taken by the executive officers 
from estimates furnished by the Engineer. Different departments perform the 
special duties made necessary in handling a large volume of work. 

To understand the duties performed by the different departments in their 
relation to the plant operations, the organization of a large structural company 
will be briefly described. 

The company is divided into three divisions. In each division is a general 
office, the headquarters of the division officials. The President and other 
executive officers maintain their offices in one of the division offices. 

The contracting department is under the supervision of the Vice-President. 
In each division is a Division Contracting Manager directing the work of the 
Contracting Managers who are located in various cities of the division. The 
Contracting Managers submit bids and take contracts for work which is erected 
in their territories. 

The Chief Engineer is at the head of the engineering department. Under this 
official are three Division Engineers in charge of the engineering forces in their 
respective divisions. The Division Engineers prepare designs, make estimates 
of weights and costs and supervise the work of the Plant Engineers. 

The operating department in each division is in charge of a Division Operating 
Manager. Lach of these officials assigns the contracts to a plant in his division 
best suited for the fabrication of each particular contract, taking into considera- 
tion the nature of the work and the time of deliveries. An Operating Manager 
has general supervision of the operations of his plants. Under his direction are 
the Plant Managers who are each in charge of a plant. 

The auditing department is directed by the Auditor who renders invoices to 
the customers and compiles all data on costs and accounts of each plant. A Plant 
Accountant furnishes the Auditor with shipping statements of weights, costs 
pertaining to each contract, classified costs of shop operations, and the auditing 
of all accounts at his plant. 

516 
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The purchasing department under the Purchasing Agent buys all materials 
and supplies for the company. The purchasing of the structural material is 
handled separately from that of all other supplies and materials. In each 
division, the Purchasing Agent has offices for local purchases. 

The treasury department under the Treasurer of the company has paymasters 
at the division offices whose duties are to approve the credits of customers before 
contracts are signed, collect bills, pay any indebtedness and disburse the salaries 
and wages of employees. At some of the larger plants, an assistant paymaster 
handles the payrolls of his plant. 

The erecting department under the General Erecting Manager maintains 
three division offices. Each Division Erecting Manager has charge of the 
erecting equipment and directs the field forces erecting steel in his division. 

The mechanical engineering department deals with all problems pertaining 
to the fuel, power and machinery of the plants. The Mechanical Engineer has 
offices in charge of assistants in each division. 

The traffic department issues instructions for the routing of all shipments, 
furnishes information for train clearances, investigates the freight rates and 
adjusts all claims with the railroads and shippers. Briefly, the traffic department 
handles all correspondence relating to the shipment of material. The General 
Traffic Manager is in charge of the department with a Division Traffic Manager 
in each division. 

The duties of the casualty department hardly requires any description. It 
investigates and handles all cases of injury or death occurring in the shops or field. 
The General Casualty Manager is assisted by three Division Casualty Managers. 

2. Bidding on Contracts.—Before attempting a description of the methods 
and equipment used in the fabrication of structural steel, the process of bidding 
on contracts will be described to show the conditions under which the work is 
taken for fabrication. 

The method followed in letting the contract is substantially the same, whether 
it may be a highway bridge designed by a highway commission, a railroad bridge 
designed by the bridge engineer of a railroad, or an office building designed by the 
engineering department of the architect. The design and specifications are 
submitted to the various bridge companies with requests for bids within a stated 
time. The time of delivery is given and prices asked for either on the basis of 
a unit price per pound, a lump sum for the entire structure, cost plus a profit, or 
cost plus a fixed sum. Generally railroad bridges, large office buildings, and mill 
buildings are purchased by a unit price per pound. Highway bridges and miscel- 
laneous structures are usuaily purchased for a lump sum for the entire structure. 
Sometimes repair work and such structures which cannot be approximately 
estimated are purchased on the basis of actual cost plus a percentage or a fixed 
sum. The big majority of contracts are taken on a unit price and lump sum 
basis. Contracts taken on the basis of the actual cost are comparatively rare. 

Upon receipt of the plans and specifications submitted for a bid, the struc- 
tural companies ‘“‘set up” an estimate to determine the price to be submitted 
in the proposal. The various items comprising the estimate are as follows: 


Cost of Raw Material.—The weights of plates, shapes and other material having differ- 
ent mill prices are separated and multiplied by the market mill unit prices to ascertain the 
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cost of the raw material at the fabricating plant. Any mill extras for special sizes, cutting 
ete., are included in this item. 

Cost of Drawings and Shop Work.—The estimate for making drawings and fabricating 
the steel work are usually included in one item. Obviously the cost is determined by judg- 
ment based on similar work fabricated on which actual records of cost were kept. For 
special classes of work, when there are no precedents of cost available, the different shop 
operations are estimated to arrive at the total shop costs. Drawing room and shop records 
are usually kept on a unit basis of 100 lb. thus, $0.80 indicates that the cost of drawings and 
shop work is $0.80 per 100 lb. 

Distribution —This item is often expressed as the ‘‘overhead”’ expense and includes a 
determined percentage of the actual labor charged to contracts caused by the maintenance 
of general offices, selling offices and advertising. 

Freight.—If the structural company is requested to ship the steel “‘f.o.b. site’’— that is, 
to the site—this item includes the estimated freight of the fabricated steel from the fabri- 
cating plant to the site of the erected structure. If the steel is estimated “‘f.o.b. plant,’’ 
the customer pays the freight and the item for freight is not included in the estimate. 

Profit.—A percentage of the cost of material, cost of drawings and shop work, and distri- 
bution is generally added. This percentage will vary depending upon circumstances. To 
illustrate, if the structural company had considerable work on hand, the percentage of profit 
would be larger than if the work was required to keep their shops operating to their full 
capacity. Again, if the work was not very desirable, the percentage of profit would be 
high. During dull periods, proposals are often made on the basis of the estimated cost or 
an estimated loss in order to keep the shop organization intact. It is a recognized fact 
that a good shop organization takes a number of years to develop and generally it is advis- 
able to suffer a loss in shop operations rather than disrupt the shop organization. 


The proposals are submitted by the various structural companies and the 
contract let to the lowest responsible bidder who can deliver the steel in the 
required time. Frequently the time of delivery is so important that higher 
rates are paid to secure quick deliveries. 

3. Preparation of Shop Drawings.—When a contract is awarded, the designs, 
specifications, and all correspondence relating to the contract are sent to the 
plant assigned for its fabrication. Good designs, specifications and complete 
information without any subsequent revisions are the ideal conditions for making 
the drawings quickly and economically with the least chances for errors. Before 
attempting to order any material, the engineer familiarizes himself with the 
designs and specifications, noting carefully the time of delivery and such material 
for which quick deliveries are uncertain. Often, missing information must be 
obtained before the work may proceed, or it may be desirable to request changes 
in design or details to simplify the shop work. Sometimes the time of delivery 
is too soon to permit of any delays in making changes. The judgment of the 
engineer must always be guided by the circumstances and conditions surrounding 
the contract. 

In the smaller drawing rooms, the work is assigned to draftsmen under the 
direct supervision of the engineer—in larger drawing rooms, the work is given to 
a squad foreman who assumes charge of the ordering of material and the prepa- 
ration of the shop drawings. Layouts of the connections are made when neces- 
sary to determine the sizes of the material, the object being to order the material 
with the least amount of work and still use the layouts for the detail drawings. 
Where possible, the layouts of connections are made to the same scale (usually 1 
in. to the foot) as the detail drawings, to be traced as part of the shop drawing. 
Complete bills of material are generally made for small structures. For large 
structures the bills are made out by installments in the sequence of erection. 
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The bills of material are sent to the order office to be separated and classified 
for the rolling mills. Thus, 6 X 6 angles, 12-in. I-beams etc., are grouped 
together. The mill sheets thus made are used by the mills without recopying. 
Generally items of small quantity and details, if of standard material, are taken 
from stock. If the contract calls for immediate delivery, the material is taken 
from stock as far as possible, substitutions of some of the sections are made to use 
stock sizes and other sections are bought from available warehouses. 

Such material for which quick deliveries cannot be expected are ordered as 
soon as possible before the detail drawings are started. In this class may be 
mentioned such material as eye-bars, pins, lomas nuts, pilot and driving nuts, 
castings, heavy forgings, malleable and other special fittings, checkered plates, 
rails, gas pipe fittings, buckle plates, special bolts and nuts, large size rivets, large 
quantities of bolts and nuts, special steel, cold rolled shafting, sheet lead, lumber, 
sheet steel, corrugated steel and fittings, lag screws, hardware, windows and 
doors, wrought iron, wire rope and fittings, turnbuckles and clevises. 

Detail shop drawings are made to conform to the engineer’s designs, suit the 
shop equipment and practice, and incorporate good details for simple shop work 
consistent with strength and theory. 

When the drawings of a contract have been sufficiently developed to begin 
checking, one of the more experienced men begins checking and continues until 
the entire contract is checked and corrections made. On large contracts or for 
work on which many changes were made or drawings made by inexperienced 
men, it is customary to supplement the checking with a “‘field check.” This 
is done by experienced men and includes the checking of shipping marks, number 
of pieces, over-all dimensions, matching of connections, clearances and possible 
erection. The checked plans are then ready to be submitted to the customer’s 
engineer for approval if an approval is requested. If the contract requires a large 
number of drawings or if early deliveries must be made, the plans are sent for 
approval in two or more installments. Upon receipt of the shop plans, 
the customer’s engineer examines the drawings and returns them to the structural 
company with his approval or his approval subject to changes or corrections. 
His examination will depend upon his personal preference. Some make a com- 
plete check of the drawings but most engineers are content with checking the 
general design, sizes of material used and strength of the connections. The struc- 
tural company is responsible for the correctness of the shop drawings, the 
approval being merely the authority to proceed with the fabrication. 

Shop and shipping bills are written before the drawings are sent to the shop 
for fabrication. 

The shop bills contain a list of all the members on the contract with the 
material used to fabricate each member, the weight of each individual piece of 
material, the weight of the completed member, a list of the mill material with item 
numbers showing the lengths from which the pieces are cut and the sections applied 
from stock. The shop bills enable the shop to apply the proper material and 
gives them a list of all the members to fabricate to fulfill the contract. 

The shipping bills contain a list of all the shipping pieces with descriptions 
and shipping marks, gives the over-all dimensions of each member for purposes of 
identification and includes the figured weights which are used by the shipper as 
a check against the scale weights. 
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The number of sets of blue prints of the drawings, shop and shipping bills 
to be sent to the shop varies according to the size of the shop and the shop routine 
in handling work. Generally, about six sets of drawings, four sets of shop bills 
and two sets of shipping bills are sufficient. 

At the time the drawings are printed for the shop, prints are sent to the 
customer for his files and the use of the erectors. 

4. Shop Organization.—Shop organization, equipment and the routine of 
handling work will naturally vary for each shop. Some shops are the outgrowth 
of many extensions to take care of a growing business and the resulting equipment 
is not the most economical one. In the building of new plants, engineers have 
tried different ideas in the layout of buildings and equipments. The usual plan 
for a small structural plant is to have one structural shop with auxiliary buildings 
or departments for a forge and machine shop; for the larger plants, there is a large 
structural shop, possibly a small auxiliary shop for fabricating light material and 
other buildings devoted to machine work, forge work, founding of castings, etc., 
or several units of structural shops with an auxiliary shop and such other depart- 
ments required for the plant production. All equipments, however, are based 
on handling the mill material progressively from the receiving yard to the shipping 
yard with the least handling of the material. 

The description of the organization and methods for fabricating steel given 
herewith is typical of many of the larger structural shops. At the head of the 
organization is the manager who directs the operations of all of the departments. 
The engineer with his assistants and draftsmen prepares estimates, designs and 
shop details and handles all correspondence relating to engineering. The order 
clerks write the mill requisitions, keep records of material received and applied 
on contracts, have charge of the stock and write shop and shipping bills. The 
auditor has charge of the time keeping, renders shipping statements and audits 
the financial affairs of the plant. The paymaster disburses the wages and salaries 
of the employees of the plant. A rate department makes time studies of different 
shop operations and sets the rates for punching, fitting, riveting, etc., which 
enable the men to make bonuses for rapid and efficient work. A storekeeper 
handles all supplies purchased except mill material and maintains a store room of 
general supplies required throughout the plant. An employment department 
secures new men to fill vacancies subject to the approval of the foremen and keeps 
records of employees with the object of retaining the good men and placing men in 
the positions for which they are best adapted. Practically all large shops have 
medical departments for the examination of prospective employees and the treat- 
ment of cases of injury. 

In the shops, a superintendent has charge of the various departments of the 
fabrication, each of which is in charge of a foreman and each foreman directs the 
work of his sub-foremen in charge of the ‘‘gangs.’’ The principal departments ina 
shop are the receiving yard, templet shop, structural shop, possibly an auxiliary 
shop, a finishing shop, rivet and bolt shop, beam shop, forge shop, machine shop, 
assembling yard and a shipping yard. The shop inspectors comprise another 
department for the inspection of the material before shipment. For the repairs 
and maintenance of the buildings and machines, the installation of new 
machinery and construction of new buildings, a master mechanic’s office is 
maintained. 


Sec. 8-4] FABRICATION OF STRUCTURAL STEEL 521 


Material is rolled at the mills according to schedules—that is, rollings are made 
of such sections for which sufficient tonnage is ordered. Thus, 15-in. I-beams, 
12-in. channels, and 8 X 8 angles of different weights may be rolled for a number 
of contracts. Chemical and physical tests are usually made by the customer’s 
inspectors. As fast as the material is inspected, it is shipped. While on any one 
contract, the structural shop may receive a large percentage of the tonnage, 
generally certain kinds of sections are missing, the lack of which delays the fabri- 
cation. The elimination of many varieties of sections and of special sections 
is a big aid in securing quicker deliveries from the mills. 


Fic. 1.—Electric crane. 


When the material is received at the plant, each piece is checked to see 
if the size of the section and length agrees with the order. The material is 
sorted by sections on skids, in piles located conveniently for their transfer to 
the punches. 

The material is moved from the receiving yard to the shops on “buggies.” 
They are small trucks with flat tops and run on narrow gage tracks. Two or more 
of these buggies are required to support the long material. Usually they are 
shoved by hand but sometimes electric or gasoline tractors are used for the heavy 
loads. A “caterpillar” tractor has been used in some cases where tracks were 
not available. 

When a foreman is ready to begin the punching of a section, he ‘orders in” 
the material from the yard. If the material asked for is angles, they are sent to 
the machine noted without trimming; if plates, they are straightened; and if 
beams or channels, they are sheared or cut to length before being sent to the 


punches, 


522 STEEL AND TIMBER STRUCTURES [Sec. 8-5 


The material is taken off the buggies by an overhead crane which travels 
transversely across the shop and carries the material to any machine required. 
Cranes are of different capacities depending upon the probable loads to be carried. 
Receiving yard cranes are comparatively light, 10- to 20-ton capacity being 
ample. Cranes of about 10-ton capacity are used for handling material over the 
machines and cranes of about 30- to 75-ton capacity for the finishing shop and 
shipping yard. Figure 1 is a picture of a 10-ton crane carrying a plate to a punch. 
The material is fed to some of the machines by jib cranes which lift the material 
off the buggies directly to the machines. A jib crane is simply a cantilever 
bracket pivoted to a post. At the extreme end of the bracket is a differential 
chain hoist, an air hoist or an electric hoist. 

The progress of the material through the shops varies according to the material 
and class of work. Material under 10 ft. in length is called detail material. 
Such material is sheared, punched, given paint marks for identification and stored 
in piles near the fitting skids until required for fitting. I-beams and channels 
are generally sent to a beam shop where they are laid out, punched, coped (if 
required), fitted with detail material and riveted ready for inspection, painting 
and shipping. Angles follow the tables of the angle punches. If for single 
punching, they are laid out, punched, sheared and sent to the fitting skids. If 
for multiple punching, the laying out is omitted Plates follow the tables for the 
plate punches. If single punched, the plates are punched and trimmed and if 
punched on the multiple punches, they are punched, trimmed on the sides in the 
multiple punches and the ends are sheared. The plates are then stored in a 
convenient location ready for fitting. 

When all of the materials comprising a member or number of duplicate 
members are ready, they are assembled together. If reaming is required, the 
member is first reamed, otherwise the member is ready for riveting. The riveted 
member is transferred to the finishing shop where the ends are milled, if required. 
There remains only the inspection and the painting and the member is ready for 
shipment. 

Castings and forgings are finished in their respective shops. Their progress 
is regulated by the deliveries required for the structural work of the same 
contracts. 

Having a general idea of the routine of handling material through the shops, 
a more detailed description will be given of the various operations. 

5. Templet Shop.—Various methods and devices are used for locating rivet 
holes, pin holes and cuts on the steel before the material can be sheared and 
punched. Different shops have different practices for marking the steel, 
depending principally upon the shop equipment for punching. Generally this 
is accomplished by the use of templets or by marking the steel directly from the 
drawings, without the use of templets—a process called scratching. If the shop 
equipment includes machines for punching two holes, a line, or group of holes 
at one time, wooden strips called pole strips are made to locate the rivet spacing. 
Machines of this kind are called multiple, rack or spacing punches. 

A templet is made of wood or cardboard or a combination of both to a full 
size scale. It locates every hole and cut and gives a description and identifica- 
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tion mark of the piece to be made from the templet. The markings on a templet 
are somewhat as follows: 4,210, 12L:4 x 4 X 14 X 2’— 0” sa 10, item 61. 
The number 4,210 refers to the contract number; 12L:4 x 4 X 14 Xx 2/ — 0” 
covers the number of pieces and description of the steel; sa 10 is the assembly 
mark of the piece detailed on sheet 10 and identifies the piece from the drawing; 
and item 61 is the number given to the material when ordered from the mills and 
enables the shop to use the exact piece of steel ordered. 

Templets are made for detail material under 10 ft. long and for such material 
over 10 ft. having no duplication or when the spacing of the holes is not adapted 
for multiple punching. However, practically all long material is detailed for 
multiple punching and requires no templets. 

Sometimes a web or other plate is detailed with the majority of holes arranged 
for multiple punching and the remainder are spaced irregularly. An example of 
such a case is a web plate for a round end girder.. A templet i is made of the round 
end with the holes located on circles and several other holes added which coin- 
cide with some of the holes punched on the multiple punch. The plate is first 
passed through the multiple punch. Then the templet, called a catch templet, 
is laid on the plate with the matched holes coinciding, and the holes in the templet 
are center punched and then single punched. 

Templets for short angles are usually made of cardboard. For the longer 
angles, the templets are made of wood for one leg and cardboard for the other. 
Cardboard backs are used for a small quantity of angles and wooden backs for 
large quantities. Templets for crimped angles are made of wood entirely. 

At some plants it is the practice to make the shop plans complete by showing 
all rivet spacing and complete dimensions, while at other plants the spacing of 
rivets is not given and many details are omitted to be developed by the templet 
maker. 

Frequently a structure or part of a structure is a complicated design and the 
details cannot be readily computed. For such cases, much time and expense is 
‘saved by sending general drawings to the templet shop, to be ‘laid out” to a 
full size scale on the floor. Skew box portals, arches, laterals for crossings on a 
curve, etc., may be mentioned as examples of this kind of work. 

6. Receiving Material.—During the time that the drawings are being pre- 
pared and the templets made, the material is received from the mills. As the 
cars are unloaded, each item is carefully checked against the mill orders for correct 
length and thickness. Although the material was inspected at the mills, a further 
examination is made to discover any signs of cracks, pipes, buckles or laminations. 
If any material is found defective, discrepancy reports are immediately sent to 
the mills for the replacement of the faulty sections. The inspection at the time 
when the material is received is quite thorough as serious delays will occur if any 
of the sections are rejected during the process of fabrication. 

The material is sorted and piled on skids conveniently near tracks leading to 
the machines to which the material is to be consigned. Thus the beams will be 
placed in line with the beam shears and punches, the angles conveniently for 
transfer to the angle punches and the plates near the straightening rolls and 
plate punches. 
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The longer beams are ordered to the correct lengths required. Shorter beams 
are ordered in multiple lengths and are sheared before being marked for punching. 
A sketch showing the method of shearing a beam is shown in Fig. 2. The blade 
is 114 in., pierces the web in the middle of the beam and shears outward to the 
flanges leaving a distorted piece of metal 114 in. wide. Beams which are heavier 

than the capacity of the beam shears are 
| cut with an acetylene flame, by sawing 
| with a cold saw, or with a frictionsaw. If 
it is necessary to reduce the length of 
a beam by a few inches, the end is usually 
cut down by “‘coping”’—that is, rectangu- 

lar punches are coped off of the ends. 
| I-beams and channels requiring finish- 
| Pal ing of the ends are sometimes finished 
‘ to length on rotary planers before being 
Fic. 2.—Beam shearing. punched. Some examples are I-beam 
stringers and floor beams, and I-beams 

and channels of columns supporting crane girders. 

Long angles are usually ordered to the lengths required with allowances of 

about 1 in. for trimming, the excess being removed after punching. Short angles 
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Fia. 3.—Straightening rolls, 


are ordered in multiple lengths and generally sheared to the lengths required 
before punching, but sometimes, when there is a large duplication, the long 
material is punched on multiple punches and sheared afterwards. 
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Plates are ordered as sheared plates, U.M. plates or sketch plates. Sheared 
plates are generally over 48 in. wide with edges ‘‘hot”’ sheared. U-.M. plates are 
called universal milled plates and are made up to 48 in. wide with rolled edges— 
that is, the edge of the plate is rolled as the plate is rolled. Some mills furnish 
such plates up to 60 in. Sketch plates are irregular in shape with three or more 
edges. 

Sheared plates usually are received with straight edges but the U.M. plates 
are generally bowed, the mills being allowed a camber of \ in. for each 5 ft. in 
length. The cambered plates are straightened in rolls (see Fig. 3). The straight- 
ening rolls consist of two sets of rolls parallel to each other. A filler plate about 
1 in. in thickness is placed near the concave edge and as the plate passes between 
the rolls, the edge is stretched. By repeating this process several times, the plate 
is straightened. 

Long plates are usually ordered to the lengths required without any excess, 
unless the ends are to be finished. Short plates are ordered in multiple lengths 
and generally sheared to the lengths required before punching but sometimes, 
when there is a large duplication, the long material is punched in multiple punches 
and sheared afterwards. Tie plates for chords and diaphragm plates are exam- 
ples of plates which often are punched in long lengths on multiple punches. 

7. Laying Out.—Material that is not punched on the multiple punches must 
be marked to locate the holes and cuts. The process of marking the material is 
called laying out. The material required for laying out is ordered in from the 
yard. When templets are provided, they are clamped to the material and the 
holes marked with center punches through the templet on the steel. Sometimes, 
for small pieees, the holes are punched through the templets without center 
punching. After laying out, the assembly mark and contract number is painted 
on the piece or pieces and the material is ready to be punched. 

Scratching is the process of marking all cuts and location of holes direcély 
from the drawings without the use of templets. Beams having no duplication, 
plate work with curved intersections and complicated work in general are 
scratched at less cost than when marked from templets. A good layer-out is 
necessary to secure the best results with this process. 

8. Punching, Reaming and Drilling.—There are two requisites in punching— 
the punch and the die. Figure 4 is a sketch of a punch, perforated hole, and a 
die. Note that the hole is larger on the die side than 
on the punch side, the hole being conical and not 
cylindrical. 

Most specifications will limit the die to }/¢ in. 
larger than the size of the punch. Material of a 
thickness not greater than the nominal diameter of 
the rivet or bolt plus 14 in. may be punched. If the Fro. 4—Punch and die. 
thickness of the material is greater than the nominal diameter of the rivet or bolt 
plus 1¢ in., the holes shall be either drilled from the solid or sub-punched and 
reamed. 

Material over 1 in. in thickness should not be punched but should be drilled 
from the solid. It is advisable, however, to limit the thickness to 1 in. for main 
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sections, as tests have shown that the ultimate stresses decrease as the thick- 
nesses increase. 

A source of trouble to a structural shop is caused by the stretching of the 
material due to punching under certain conditions. Plates, I-beams and channels 
do not stretch. The single punching of steel from templets or when the steel has 
been scratched is commonly called standard punching by shop men. When 
standard punched, the stretch of angles, bars and flats increases the distance 
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Fic. 5.—Standard punch. 


between the first and last holes. When angles, bars and flats are “pulled” 
through punches having stops, the stretch is compensated for by the stops, 
the distance between the first and last holes conforming to the distance between 
the stops. If the material was ‘‘shoved”’ through the punches having stops, the 
stretch would be apparent in the increased distance between the holes. For 
this reason, the steel is generally “pulled” through the punches. There is also 
a certain amount of stretch caused by the riveting. The amount of the stretching 
due to punching and riveting is quite uncertain depending upon the quality and 
thickness of the material and the number of holes punched andriveted. Theshops 
follow various rules to allow for the stretch in making templets or setting the 
stops. 

Lateral plates, gusset plates, detail material and material which cannot be 
multiple punched are single punched. When single punched, one hole at a time 
is punched with the center punches as guides, through paper templets without 
marking or by means of mechanical stops. A standard punch is shown in Fig. 
5. Mechanical stops are often used in single punching for angles or bars of which 
there is considerable duplication. A variety of these stops are made. One kind 
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of stop is made up of a guide in which spacing blocks are placed to correspond with 
the spacing of holes in the steel. The operator inserts a plug consecutively in 
each slot as the angle moves through the punch. In Fig. 6 is a sketch of these 
stops (called Hunter stops), also of 
the plug which the operator inserts 
in the slots. 

A horizontal punch, as the name 


a : : , Rack and Stops A Section A-A 
implies, punches in a_ horizontal 

direction. Thiskindis particularly [CG [C O00 
adapted for punching bent work as ore a4 Shoe toooao 
the material can be swung horizon- ia Sis be 
tally. Zee bars also are easily Fie. 6.—Hunter bar. 

punched on this machine. 

Washers and lacing bars are punched on a single punch with special dies and 
punches. Each washer including the hole is perforated out of a plate with one 
punch and die. Lacing bars are made by punching out the material between 
two bars, making the ends circular with the same stroke that punches the holes 
near the ends. 

A type of single punch which is used for punching large quantities of small 
plates and angles is the Weatherson spacer. The first plate is punched on an 
ordinary punch from a templet, and the steel plate is then used for punching the 
remainder of the plates. The blank plate is clamped under the punch and the 
guide plate is clamped alongside of it under a dowel. By rolling the table back- 
wards, forwards, or sidewise, the dowel is dropped in each hole of the guide plate 
and simultaneously trips the machine which punches the corresponding hole in 
the blank plate. Figure 7 is a diagram illustrating this method of punching. 
The process is rapid and insures accurate work. 

Multiple punches, also known as rack or spacing punches, differ greatly in 
capacities but they are all based on the same principle. The punches in the 
machine are set to locate the holes transversely to the travel of the material. 
Guide strips or stops determine the holes longitudinally. Web plates of girders 
and chords, cover plates of girders and columns, and flange angles belong to the 
class of material which is usually 
punched on multiple punches. Two 
or four angles in pairs are often 
punched at one time and sometimes 
two or more narrow plates laid side 
by side are punched on the larger 
punches. 

Fig. 7.—Weatherson spacer. In detailing any material for 
multiple punching, the draftsman 

provides a minimum space of 214 in. center to center of holes in the transverse 
direction, which distance is limited by the closeness with which two punches can 
be set and a minimum space longitudinally of about 14 in. if “pole” strips are 
used, or 114 in. if mechanical stops are used. Pole strips are made of wood 34 
or 4 in. wide and 34 in. in thickness. The top of the wood is marked to indicate 
the longitudinal spacing of the holes. The marks are made either on the wood 
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directly or on a white painted surface. In the latter case the wood is used for 
other work by repainting and removing the old marks. On some punches, the 
material is pulled through the machine by turning a wheel until the index stops at 
each mark consecutively on the pole strips, the machine punching the required 
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Fie. 9.—Multiple punch. 


holes in a transverse line each time the index stops. On other punches, the pole 
strips are used to set mechanical stops which automatically trip an electric 
carriage pulling the material through the punch. Two types of stops are shown 
in Fig. 8. The first sketch shows the Toledo stops which consist of rectangular 
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stops fitting between two racks whose teeth have a pitch of 1g in. Variations 
in the rivet spacing must be in multiples of 4 in. Special shaped stops are 
required if the spacing contains 1g or 14, in. The second sketch shows the 
Paxton stops which consist of square blocks also fitting between two racks, with 
teeth of 14-in. pitch. By turning the blocks 90 deg. at a 
time, variations of }¢ or }¥¢ in. in the spacing of holes are 
obtained. 

A picture of a multiple punch is shown in Fig. 9. This 
particular machine is capable of punching a plate 120 in. 
wide. The punches are set up at the correct distances center 
to center to agree with the spacing of the holes on the 
drawing. The punches are connected on “gags” so that 
all or a group of the punches will penetrate at one stroke; 
besides any one of the punches can be operated alone by 
tripping a lever on the punch wanted. If a web plate is a 
being punched, the first line of holes for the end post angles — fyg. 10. Tandem 
are punched by tripping one gag, the holes for the flange punching. 
angles by tripping another, and so on. This punch is 
equipped with 6-in. shear blades which trim one or two edges of the plate 
simultaneously with the punching. 

The multiple punch is most profitable for punching large quantities of plates 
which are identical. Generally it pays to set up the stops for four or more plates 
which are alike. It sometimes occurs that the transverse spacing for different 
plates is the same, and such plates are handled on the multiple punches by 
changing the stops only. 

For plates of large duplication having a uniform pitch of holes—as, for 
example, on tank work—tandem blocks of punches are sometimes used which will 
punch from 6 to 8 holes longitudinally on two edges at one stroke. A diagram 
showing how the punches and tandem blocks are set up is shown in Fig. 10. 
The punches between the tandem blocks punch the end connections and the 7 
punches in each block punch the holes longitudinally. If the punches are 3 in. 
apart as shown in the diagram and 1}4 in. spacing is required, the 7 holes are 
punched 3 in. center to center; the material is moved forward 1}¢ in. and 7 more 
holes punched; the next movement is 1914 in.; and the 
operation is repeated for the length of the plate. 

Sometimes on tank work, the plates are laid “shingle” 
fashion, each plate being part of a cone. The end holes 
are in lines coinciding with the elements of the cone and 
the holes along the edges lie in circular lines with different 

ro ie iene pitches for each line. Conical plates can be punched on a 
punching channels multiple punch by skewing the beds on each side of the 
in pairs. punch which permits pulling the plates with a slight 

circular motion. 

Generally three operators are required for one multiple punch—one at the 
punch, one at the carriage and one getting the material ready. At least in one 
instance a method to eliminate the operator at the carriage is used by having the 
carriage controlled by the punch operator. By pressing a push button, he 
releases the carriage to travel the length of the next space. A number of colored 
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lights are attached to the punch to notify the puncher of any change in the 
transverse spacing. If one color flashes, it indicates that the carriage has stopped 
where an outside stagger is wanted, if another color, an inside stagger is wanted, 
another for a line of stiffener holes, ete. 

Another type of multiple punch is one employing the use of a perforated 
paper roll for locating the holes similar to the principle of operating a mechanical 
piano player with a music roll. 

A press has been rigged up at one structural shop with punch and die blocks 
for punching all of the holes in a plate at one stroke. Such a device naturally is 
only profitable when there is a very large quantity of plates to be punched. This 
may be regarded as special equipment to take care of special work. 

There are different ways of punching beams and channels. The I-beam 
flanges are cither single punched or punched in a machine set up with two punches 
so that one or two holes transversely are punched at one stroke. The channel 
flanges are single punched or placed in pairs and the two flanges punched at one 
stroke. Figure 11 is a sketch showing this method of punching the flanges of 
two channels. The webs of I-beams and channels are single punched, transverse 
groups punched at one stroke, or an entire standard connection punched at one 
time. A method of locating the holes without marking has been used and is 
called taping. A tape with the longitudinal spacing of the holes is hooked to the 
I-beam or channel and determines when the material is stopped for punching. 
The punches are set up from the drawing and fix the location of the holes 
transversely. 

Angles, flats, zee-bars and tees will be bent or bowed somewhat due to the 
punching. Before the bent material is ready for fitting, it is straightened on a 
machine called a bull-dozer which consists of a horizontal ram pressing the material 
against two supports, 

The workmanship specified for structural steel is usually of two kinds, punched 
work and reamed work. 

Punched work is generally used for building work, light highway work and 
secondary members of railroad work. The holes are punched full size which is 
14, in. greater than the nominal diameter of the rivet. When three or more 
thicknesses of material are assembled together, the holes will not match perfectly, 
and it is the practice in some shops to pass a reamer of the same size as the punch 
through the holes to freely admit the hot rivets and facilitate the riveting. This 
process is called spearing. 

Reamed work is generally used for the important members of railroad work, 
heavy highway work and structures with large stresses. _The holes are sub- 
punched 1/6 in. smaller and reamed to 1 ¢ in. larger than the nominal diameter of 
the rivet.. Thus, if the size of the rivets is 7% in., the holes are sub-punched 134 4 
in. and reamed to 154g in. The sub-punching and reaming serve the two-fold 
purpose of removing the torn material caused by the punching and securing 
perfectly fair holes for the riveting. 

A picture of a reaming gantry is shown in Fig. 12. There are electric reamers 
which are pivoted and can reach all of the holes vertically in the material lying 
on the skids. 

Bracket reamers are electric reamers attached to walls and pivoted to have a 
circular movement. Small members and small pieces which require reaming are 

reamed by these machines. 
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Portable electric reamers are used for such reaming which is inaccessible under 
the gantry or for the connections of truss members which are reamed after 
assembling. 

Drilling from the solid is necessary to provide holes in castings, in some of the 
alloy steels, and in material the thickness of which is more than permissible for 
punching. ; 

Cast steel with a carbon content of 0.25 to 0.40 of 1 per cent can safely be 
punched up to 1 in. in thickness with a 15{¢-in. punch. Cast steel of greater 
thickness and all cast iron must be drilled. 

The alloy steels vary as regards punching and drilling. O. H. silicon steel 
with a carbon content of 0.40 of 1 per cent can be punched up to %¢ in. inclusive 


Fig. 12.—Reaming gantry. 


in thickness and must be drilled for greater thicknesses. Nickel steel having 
about 3 per cent nickel can be punched. The cast phosphorus bronze metals 
must be drilled. Manganese steel can neither be punched or drilled, any holes 
required must be “cored” holes. A cored hole derives its name because of the 
fact that a core of baked sand is placed in the mould where the hole is required 
and after the metal is poured to make the casting, the core is removed leaving a 
hole in the casting. 

Specifications vary in regard to the thicknesses of carbon steel which must be 
drilled, but tests made indicate that material may be punched whose thickness 
does not exceed the nominal diameter of the rivet. Thus, for full size punching 
in l-in. material, the size of the punch may be 1}¢ in. for 1-in. rivets; for sub- 
punched and reamed work, the size of the punch is !5/¢ in. and the holes reamed 
114¢ in. for 1-in. rivets. 
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Machines for drilling are stationary or portable. The stationary ones have 
either fixed or radial spindles. The portable drills are serviceable in drilling 
large members which cannot be conveniently moved to a stationary drill. 

A picture of an eight head multiple drill is shown in Fig. 13. The material 
is center punched from templets or center punched on a multiple punch. After 


Fie. 13.—Eight head multiple drill. 
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marking, the material is clamped to a bed which is electrically driven moving the 
material under the drills. 

Three flute reamers are used in reaming holes in sub-punched and reamed work. 
The cutting edge is on the bottom of the tool as shown in the sketch, With this 
tool, the reaming is concentric with the first hole. 
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Fig. 15.—Angle shear. 


Fig. 16.—Gate shear. 
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Five flute reamers, called bridge reamers, are used generally for portable ream- 
ing and for ‘‘spearing’—that is, for cleaning out of full size punched holes to 
secure fair holes for riveting. As the sides of the reamer cut the material, the 
tool removes the interfering metal only with the least amount of slotting. 

Two flute drills are used for drilling from the solid. The reamers and drill are 
shown in Fig. 14. 

9. Shearing, Coping, Burning, Sawing and Various Operations.—The four 
processes of cutting steel are by shearing, coping, burning and sawing. 

There are different kinds of machines for shearing angles, plates, flats, bars, 
rounds, tees and zees. 
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Fie. 17.—Diagram of 10-ft. 5-in. gate Fie. 18.—Zee and tee shears. 
shears. 
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An angle shear cuts both legs at one time with either square or bevelled ends. 
For cutting ends on a bevel, the machine is rotated rather than have the material 
inclined obstructing tracks and walkways. A picture of an angle shear is shown 
in Fig. 15. 

Plate shears are of various sizes and capacities. A plate shear with a 24-in. 
shear blade is known as a 24-in. plate shear. If the machine is made to rotate for 
cutting plates on a bevel, it is known as a rotary shear. 
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Fie. 19.—Coping I-beam. 


A gate shear has the housings set back from the shear blade so that long plates 
may be sheared by moving the plate in the direction of the blade. A picture of a 
gate shear is shown in Fig. 16. The limiting sizes of plates that can be sheared 
and a cross-section of the blade and housing is shown in the sketch, Fig. 17. The 
capacity of this machine is limited to shearing a plate not exceeding 102 in. wide 
and 114 in. in thickness. 

Bar shears will cut rounds, squares and flats. The ordinary shear, though, is 
limited to capacity up to 214 in. for rounds, 2 in. for squares and 6 X 134 in. for 
flats. 
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Zees and tees are sheared on a punch equipped with special dies and shear 
blades. Diagrams of these dies and shears are shown in Fig. 18. 

Coping machines are operated on the same principle as punches, the cutting 
tools being of various shapes. All cuts are made by “blocking out”’ small pieces at 
atime. Thus if it is desired to cope the end of a 15-in. beam to clear another 
15-in. beam to which it frames, each flange is removed and finally the parts of the 
web as desired. A diagram of the various cuts necessary to cope a beam is shown 
in Fig. 19. Similarily, the ends of beams, channels, angles, zees and tees are 
coped when it is desired to shorten their lengths. 
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Fie. 20.—Cold saw. 


In recent years, cutting material by means of the acetylene flame has been 
largely used. The acetylene flame is produced by combining oxygen and acety- 
lene gases under pressure ina torch. The flame readily penetrates thicknesses of 
steel up to about 12 in. making a “cut” about 14 in. wide. Sclerescopic tests 
have been made showing that the material adjacent to the burned cut is not injured 
by the use of the flame. The use of the torch is of great importance in cutting 
heavy slabs and forgings, cutting members apart for repairing or wrecking, cutting 
shapes which are beyond the capacities of the shears, making re-entrant cuts, 
burning out pin holes preliminary to boring, burning holes and reaming out for 
rivet holes as a substitute for drilling and for welding purposes. A motor driven 
instrument, called a radiograph, is sometimes used in connection with a torch to 
direct the torch in straight lines or curved lines with uniform cutting speed. By 
means of templet guides, almost any desired curve may be obtained. 

Steel is sawed while cold as in a structural shop, or while hot as is usual in a 
rolling mill. The two methods are known as cold and hot sawing. In the ordi- 
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nary type of cold saw, the saw is a circular dise to which adjustable teeth of 
tempered tool steel are fitted. A picture of a cold saw is shown in Fig. 20. To 
some extent, the process of sawing has been superseded by that of burning due to 
the high cost and slowness of sawing compared with that of burning. High 
speed friction saws are also used in some shops for sawing. The saw is a disc of 
high grade tempered steel without teeth, rotating at a very high speed. The saw 
literally burns its way through the steel it is cutting. 

A machine for planing the edges of plates is shown in Fig. 21. Theplate is 
securely held in place by the clamps on the segmental girder, then a tool travels 
the length of the plate planing the edge. The edge planer illustrated will plane 
edges 30 ft. long with one setting. Longer lengths of plates can be edge planed 
by shifting the plate lengthwise. 


“a asin aies z Sortie od 
Fiae. 21.—Edge planer. 


In small shops, stiffeners which fit the fillets of flange angles are chamfered by 
grinding. In large shops, the stiffeners are sheared or milled to the exact length 
and chamfered on a machine. The cutting tool travels vertically, has two circular 
cutting edges and chamfers a pair of angles at one end with one setting. There 
are chamfering machines which also mill the ends as well as chamfer them during 
the same operation. 

Plates for water tanks, oil tanks, and other work, which are riveted up to be 
oil or waterproof, must be caulked in the field along the exposed edges outside of 
the tank or on top of the bottom plates. Edges which are caulked are usually 
sheared on a bevel to render the caulking more effective. A diagram showing 
a plate passing between the wheels of a bevel shear is shown in Fig. 22. After the 
plates are bevel sheared, devices called kick-offs are sometimes used to throw the 
plates off the shear bed-on to a pile in front of the shear. The “‘kick-offs,” 
of course, save extra handling by cranes. Figure 23 is a sketch of one of the kick- 
offs which is simply a set of arms operated by small air cylinders, 
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The corners of the plates are scarfed in three different ways. In the first 

two methods, the ends are flattened under a pneumatic hammer when the steel 
is cold or when it is heated. Usually the plates are hammered cold up to about 
5g in. in thickness and the corners heated 
for scarfing over this thickness. The 
third method is called machine scarfing. 
The plate is clamped in an inclined posi- 
tion to give the correct angle for the 
scarfing. Two vertical milling cutters 
travel over the corners removing the 
material to form two scarfs. 

Plates which require counterboring for 
countersunk rivets are laid on the floor 
and the holes counterbored with a counter- 
ee buggy. This device is simply an Fie. 22.—Bevel shearing plates. 
electric drill fitted with a counterbore tool and mounted on two wheels. The 
operator moves the buggy from hole to hole and counterbores the holes by insert- 
ing the counterbore in each hole and pressing down on the handle. A sketch of 
a counterbore buggy is shown in Fig. 24. 


Fic. 23.—Kickoff for plates. 


10. Fitting.—After the detail pieces and main material of a member or dupli- 
cate members have been punched, sheared and straightened, the next process is 
that of “fitting” or the assembling of the various parts of a member in condition 


Fic. 24.—Counterbore buggy. 


for riveting. All of the pieces are fitted by direct reference to the shop drawings. 
The main sections are identified by the description painted on the steel and the 
detail material by the assembly marks given on the drawings and painted on 
the pieces. 
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Before putting material together, the burrs around the rivet holes are 
removed and all of the surfaces in contact are given a coat of paint, usually the 
same kind of paint which is used for the exterior surfaces. The exception 
to this is that sometimes for material embedded in concrete, the fitting up paint 
is omitted. 

Fitting-up bolts are used to hold and draw the material tightly together, one 
bolt being used about every 3, 4 or 5 ft. depending upon the number of thicknesses 
to pull together. If the holes are 134 in. or 154g in. in diameter, 34-in. fitting- 
up bolts are used, if 114,-in. 5g-in. bolts are used. The larger size bolts are 
always desirable to pull the material together more tightly. When deciding 
upon the size of rivets to be used, this feature should be considered to give the 
shop the advantage of using fitting-up bolts of sufficient size. 

For light work, sometimes, wedge bolts are used instead of the ordinary fitting- 
up bolts, as it was found that the wedge bolts can be inserted in the holes and 
locked in less time than it takes to insert the threaded bolts and put on the 
washers and nuts. Wedge bolts are simply unthreaded bolts with rectangular 
slots in them through which wedges are driven to bring the assembled pieces 
together. Their use, however, is limited to light work as they do not exert as 
much pressure as the threaded bolts. 

After a member is fitted, it is sent to the reamers for spearing if the holes were 
punched full size or for reaming if the holes were sub-punched. If any counter- 
sunk rivets are required, the counterboring of the holes for such rivets is also 
taken care of by the reamers. 

Plate girders are fitted up in a vertical position. The top and bottom flanges 
are assembled with their cover plates, separators being used between the angles 
to allow for the web thickness and the holes in the cover plates speared or reamed 
if required. The complete bottom flange is laid on the skids and the web plates 
inserted between the angles, followed by fitting on the splice plates, fillers and 
stiffeners on the web plates and finally the top flange is dropped down over the 
web completing the fitting of the girder. Small details (if any) are added and 
then the girder is sent to the reamers to have the web holes speared out or reamed 
if required. 

Fitting up is probably the most difficult and responsible of any work in a 
structural shop. Great care must be used to maintain important dimensions 
and the various pieces must be correctly assembled. Any errors made by the 
fitters cannot be detected until inspected after the work is riveted or in the field. 
At this stage of the fabrication, the correction of an error is expensive. 

11. Riveting.—The various methods of riveting may be divided into three 
general classes, stationary riveters, portable riveters and hand riveters. The 
method employed in driving rivets is governed by the size of the member, accessi- 
bility for riveting and the shop equipment. 

When riveting in a stationary riveter, the material is brought to the riveter 
and all rivets driven which are in a vertical plane, the riveter driving horizontally. 
Figure 25 is a picture of a stationary riveter operated by electric power in con- 
nection with a gantry for moving the material. The operator at the riveter 
controls all of the movements—that of the riveter driving the rivets, the raising 
and lowering of the riveter, and the travel of the gantry which moves the 
material. 
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A type of stationary machine used only to a limited extent is the electric 
riveter. The essential feature of this machine is a large screw which is operated 
by a motor and furnishes the pressure for driving the rivets. 

A portable riveter of the kind in common use in structural shops is shown in 
Fig. 26. Its shape gives it the name of horseshoe riveter. The jaw is 21 in. and 
the throat 36 in. for the riveter illustrated. These figures indicate that the riveter 
will reach over a member 21 in. wide to a depth of 36 in. 


Fic. 25.—Hanna riveting gantry (Courtesy of Hanna Engineering Works). 


In former years when steel construction was in its infancy the heads of field 
rivets were formed with hand sets and a sledge hammer. Rivets driven in this 
way were called hand rivets. The hand sets and sledge hammers have been 
superseded by pneumatic hammers but the name hand rivets is still retained for 
those driven by a pneumatic hammer. Besides being used for field rivets, 
hand rivets are used in structural shops for rivets which are inaccessible for 
the stationary and portable riveters. Hand rivets, as far as possible, should be 
avoided in the details as they are more expensive to drive than the machine 
rivets driven by the stationary and portable riveters. In Fig. 27 are sketches of 
two pneumatic hammers, the long one being 2614 in. in length and the short one 
2114 in. The figures indicate the space required on the driving side necessary 
for driving hand rivets. The space required for ‘‘bucking-up”’ the rivets is 
considerably less—5 in. being about a minimum—but of course, ample room 
will give better facilities for driving. 
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The outside burrs around the holes are removed before riveting is begun. A 
long handled tool called a spudding bar with a triangular shaped cutting edge is 
used for scraping off the burrs. The process is called spudding. On some classes 
of work, the edges of the holes under the rivet heads are filleted. The fillets 
are made with a tool similarly to counterboring or the edges are chamfered with 
a hand tool. 


Fia. 26.—Horse shoe riveter. 


Stationary, portable and pneumatic hammer riveters are generally used 
in riveting up ordinary girders. The girder is sent to the stationary riveter, 
stitch rivets are driven at intervals of a few feet and all fitting up bolts removed, 
after which all of the rivets through the web are driven. Then the girder is laid 
flat on skids and the accessible rivets in the cover plates driven with a horseshoe 
riveter. The girder is turned over and the remaining half of the cover plate 
rivets driven. The riveting is completed with a pneumatic hammer by driv- 
ing such rivets around stiffeners, etc., which were inaccessible for the horseshoe 
riveter. 

Rivets are driven with full heads and with flattened heads. Flattened heads 
should be 3¢ in. high for 34-in. rivets and over and 14 in. high for 14- and 5¢-in. 
rivets. Heads }< in. high and countersunk heads require counterboring. In 
both cases the rivet heads are driven in. high and chipped flush with the 
metal when countersinking is required. 

Rivet sets for driving the full heads and flattened heads of rivets are shown 
in Fig. 28. Dimensions are not given as they vary for different sizes of rivets. 

There is a countless variety of dolly bars for bucking up rivets. The different 
shapes are required to suit the small openings and long reaches in which rivets 
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must be inserted and bucked up for driving. Three different kinds of dolly bars 
are shown in Fig. 29. A pneumatic bucker-up, such as shown in Fig. 30, is 
used frequently where space will permit and has proven very satisfactory in secur- 
ing tight rivets. The bucker-up is adjusted with a gas pipe extension to the 
correct length for bracing against the rivet, 
the compressed air exerted pressing the set 
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Fie. 27.—Pneumatic ham- Fic. 28.—Rivet sets. 
mers. 


Rivets are generally driven cold up to 3g in. inclusive. Cold driven rivets 
are made of soft steel, the driven head being smaller than those driven hot. 
Seven-sixteenth-inch rivets as a maximum for cold driven rivets may be regarded 
as general practice for structural shops but this size is often exceeded in field prac- 
tice according to circumstances. Rivets as 
large as 1 in. in diameter have been driven cold 
when the presence of explosives, gases or gasoline 
prohibited any fire in the vicinity. 

12, Finishing.—The finishing end of a 
structural shop usually contains such equipment 
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Fre. 29.—Dolly bars. Fra. 30.—Pneumatic bucker-up. 


as rotary planers, chord boring machines, ordinary planers, electric furnaces and 
air for driving hand rivets, hand reamers, etc. 

The rotary planers are ‘tised for planing the ends of columns, chords, I-beams, 
stringers and floor beams to secure finished surfaces for bearing, square ends and 
members of the correct length. A rotary planer mills off the end of the member 
which is clamped to a bed. A large disc has small cutting tools on its periphery 
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Fie. 31.—Rotary planer. 


Fria. 32.—Chord boring. 
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a few inches apart which cut the material in a circular direction. As the disc 
travels across the end of the material, the surface is planed or finished evenly. 
A picture of a rotary planer is shown in Fig. 31. The planer is made to rotate 
horizontally, the dise forming any angle desired with the material for planing 
bevelled ends. The planer illustrated is known as a 60-in. single head rotary 
planer, swivel head. The travel of the 5 
head is 10 ft. and will milla member whose [€ 5 4 \ 
cross-section does not exceed 4ft. 6 in. 8 
and 7 ft.6 in. andlength unlimited. When 
two planers are arranged to plane both 
ends of a member at the same time, it is 
known as a double head rotary planer. Fia. 33.—Reaming templet. 

A chord boring machine is used to bore pin holes. A picture of such a machine 
is shown in Fig. 32. Three spindles holding the cutting tools are spaced accur- 
ately on one bed to bore three pin holes at one time. A machine of this descrip- 
tion is known as a three head chord boring machine. The machine shown in the 
picture is capable of boring holes 96 ft. apart. 

On sub-punched and reamed work, the floor beam connections to trusses, 
the stringer connections to floor beams and other important connections are 
reamed through steel templets. When reamed by this method, the holes are 
perfectly fair. The duplicate members also are interchangeable during erection 
and do not require any match-marking such as is required when the connections 
of members are reamed while assembled. Figure 33 shows a sketch of a reaming 
templet. They are made of 3¢-in. plates in which bushings 1 in. long are inserted 
to guide the reamer square with the face of the material. 

Other operations are performed in the finishing shop, such as planing base 
plates, driving hand rivets, chipping rivets and other work necessary to complete 
the members ready for assembling in the yard or for inspection. 

13. Assembling of Trusses.—Trusses are fabricated in different ways depend- 
ing upon the requirements of the specifications and the practice of the structural 
shop. 

If the trusses have been punched full size, the material is handled in any one 
of three ways: 
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(1) The truss members are shipped as punched without attempt to match the connec- 
tions. A certain amount of cleaning out of the holes or spearing must be done in the field 
to make the holes fair. 

(2) The members of the truss are assembled on skids and the connecting holes cleaned 
out with a reamer of the same size as the punched holes. When this method is used, the 
holes are made fair to receive the field rivets but some of the holes are elongated. The con- 
nections are match-marked so that the members assembled together will be re-assembled in 
the same positions during erection. 

(3) To avoid elongated holes and still retain full size punching, the members are some- 
times assembled and the holes in the connections reamed out 1¢ in. larger than the size of 
the punching. Thus, if the shop rivets are 34 in. all of the holes are punched 13/6 in. and, 
after assembling, the holes in the connections are reamed to 15¢ in. for 74-in. field rivets. 
The connections are match-marked for erection. For full size punched work, this method 


gives the best results. 


If the trusses are fabricated according to sub-punched and reamed workman- 
ship, the material is handled in either of two ways: 


544 STEEL AND TIMBER STRUCTURES [Sec. 8-14 


(1) All holes in the members are sub-punched 34 in. smaller than the diameter of the 
rivets. The holes for shop rivets are reamed }¥ ¢ in. larger than the rivets and the shop rivets 
driven. The holes for the connections are reamed through steel templets making the mem- 
bers of the same shipping mark interchangeable during erection. When reamed by this 
method, the assembling in the yard is eliminated. An advantage is that the members can 
be shipped as fast as they are reamed. For a number of duplicate spans, the interchanging 
of members of the same mark is a big help to the erector. The workmanship obtained in 
reaming to templet depends upon the accuracy in setting the templets at the correct angles 
and distances from the panel points. 

(2) The members of the truss are assembled on skids and the holes in the connections 
reamed out while the members are pinned together. As the reaming removes ]4 in. of metal 
around the punched holes, the holes are fair and cylindrical. The members are reassembled 
during erection in the same positions occupied while reamed, thus insuring fair holes and 
accurate work. 


Of the five methods of workmanship described, the one of reaming out the 
connections after the members are assembled gives the best results. 

Figure 34 is a picture of a 720-ft. truss assembled in the yard. The truss is 
part of the Metropolis Bridge over the Ohio River. The 720-ft. span of this 
bridge is the longest simple span in existence. Note that for the panels requiring 
eye bars, two eye bars of the number required in the structure were assembled to 
maintain the correct distances between pin holes. The holes were sub-punched 
134. in. in diameter and after the members were assembled and pinned together, 
the holes in the connections were reamed to 14g in. for l-in. rivets. All of the 
connections were match-marked to be reassembled in the same positions during 
erection. 

The holes in the upper plane of the trusses are reamed with electric portable 
reamers fitted with three flute reamers. The skids on which the trusses rest are 
about 3 ft. above the ground so that the holes in the lower plane of the trusses 
may bereamed. ‘This is done with electric reamers mounted on reaming buggies. 
A sketch of one of these buggies is shown in Fig. 35. By pressing on the handle, 
the action of the reamer is upward. 

To get a close contact between the abutting ends of compression members, 
‘steamboat ratchets”’ are sometimes used. This device consists of two screws 
with an eye at each end and connected at the center by a sleeve which is turned 
by a ratchet thereby moving the eyes toward each other. Tie rods with threaded 
ends are also used for the same purpose. 

14. Inspection.—Nearly all of the tonnage fabricated in structural shops is 
inspected by organized companies making a specialty of mill and shop inspection. 
These companies are employed by the purchasers of steel to see that the specifica- 
tions and plans are adhered to in the rolling and fabrication. 

The duties of a shop inspector are to report the receipt of material from the 
mills, inspect the material by a physical examination, have physical and chemical 
tests made when such tests seem advisable, render progress reports periodically 
of the condition of the work, inspect the workmanship in the different depart- 
ments, check dimensions and field connections, request changes if necessary to 
make the work conform to the specifications and plans, reject material which is 
objectionable and check the weights of the shipments. When any member is 
accepted, the inspector paints his insignia or mark on the material as an indication 
of his approval and that the member may be cleaned, painted and shipped. 
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The structural companies also have their own inspectors as asafeguard against 
shop errors. The need for such inspection is more apparent on contracts which 
do not receive outside inspection. In having their own inspection, the structural 
companies eliminate most of the errors which cause delays and are very expensive 
to correct in the field and strive to maintain a reputation for fabricating accurate 
work of good workmanship. 


Fie. 35.—Reaming buggy. 


15. Cleaning, Sand Blasting, Painting and Galvanizing.—After the members 
have been inspected and accepted, they are sent out of the shop to theskidsin the 
shipping yard to be cleaned and painted. The process of cleaning is important 
as the durability of the paint depends to some extent upon the preparation of the 
surface of the steel for painting. Grease is removed by cleaning with gasoline 
or kerosene and loose scale is removed with scrapers and wire brushes. When 
paint is applied, the surface should be dry and free from all dirt and loose particles. 
Obviously, too, paint should not be applied in freezing weather. 

Sand blasting of surfaces preparatory to painting is often resorted to for 
cleaning old steel and on repair work. In a few eases, sand blasting has been used 
to remove the mill scale and clean the surfaces of new steel. Within a few hours 
after sand blasting, the painting must be applied as the surfaces which are sand 
blasted very quickly begin to corrode. There is no doubt but what the sand 
blasting of the steel gives the best preparation a surface can get for painting. The 
cost, however, is considerably greater than for the customary method of cleaning. 
It is a question whether engineers are justified in spending the additional money 
for the advantages received. Insand-blasting, dry sand is mixed with compressed 
air at a pressure of 80 or 90 Ib. and emitted through a nozzle about 3¢ in. in 
diameter against the surface to be cleaned. Special grades of sand are used to get 
the best results. 

Various kinds and colors of paint are specified by engineers in accordance with 
their preferences. Most steel work receives one coat of paint applied at the shop 
and two additional coats in the field. The field coats are usually of different 
shades or colors as a precaution that the second field coat will cover the first 
coat. Some engineers prefer to apply the three coats of paint in the field as the 
shop coat is to some extent scratched and marred in handling before the steel is 
erected. When not shop painted, the steel is usually given a protective coating 
of linseed oil which must be scraped and brushed off before painting. Generally, 
steel which is encased in concrete in the structure is shipped unpainted as the 
cement adheres better to the unpainted steel. 
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The paints used most extensively for shop painting in recent years are the red 
leads, graphite paints and iron oxides. 

A small number of plants only are equipped for galvanizing steel because of 
the small demand for galvanizing as compared with painting. Galvanizing is a 
process of coating steel with zine spelter to resist corrosion. Before galvanizing, 
the surfaces must be thoroughly cleaned and free from mill scale, rust, grease 
and paint. The steel is placed in a bath containing a solution of sulphuric acid 
which removes the scale, rust, grease and paint. The sulphuric acid is then 
washed off in a bath of muriatic acid or soda water. The steel is then dried and 
is ready for galvanizing. 

There are three methods of galvanizing in common use: 


(1) The Hot-dip Process.—The piece is dipped in a tank of melted zine spelter. This 
method is used for coating structural work and castings. 

(2) The Electrolytic Process.—The spelter is deposited on the steel by electrical contact 
similar to the process of copper plating. Small pieces of materials, bolts, castings, etc., are 
best adapted for this method of galvanizing. 

(3) Sherardizing—The steel is placed in an air tight tube filled with zinc oxide. 
The tube and contents are then heated to a certain temperature, the heat causing the zinc to 
be deposited on the steel. The tube and contents are then allowed to cool; the tube is 
opened and the galvanized steel removed. As in the Electrolytic Process, small pieces of 
steel are best adapted for sherardizing. 


The identification marks are put on with steel stencils as painted marks would 
be removed during the cleaning. 

16. Forge Shop.—-A forge shop will generally be equipped to handle a variety 
of work including forging, bending, crimping, upsetting, rivet and bolt making, 
sawing, thread cutting, eye bar making, welding and tempering. In the larger 
plants, separate buildings or departments may be used to make rivets, bolts, 
eye bars, etc. If the shop makes a specialty of forgings, separate departments 
and equipment may be devoted to welding and the heat treatment of steel. 

Forgings are made by hammering to the shape desired or by pressing. Steam 
or air hammers are used in the hammering process. Hydraulic presses are gener- 
ally used for pressing. A picture of a 3,000-ton hydraulic press is shown in Fig. 
36. The steel is heated in coal or fuel oil furnaces. The modern coal furnaces 
are quite elaborate. The coal is carried from hoppers on belt conveyors to 
mechanical crushers, from there to hoppers in back of the furnaces to be fed 
through mechanical stokers into the furnaces. The ashes are scraped on to 
conveying belts which run in a tunnel under ground and directly in back of the 
ash doors. Some of the waste heat of the furnaces is utilized to generate steam 
in vertical boilers located nearby and connected to the furnaces. 

Light material is usually bent without heating the material; heavy material 
and steel having sharp bends must be heated. Angles, I-beams and channels 
are bent to circular shape in special rolls. A sketch showing how the angles, 
I-beams and channels are rolled is shown in Fig. 37... The rolls are vertical and the 
material is bent in a horizontal plane. The rolls are detachable for various 
purposes. Angles are usually bent in pairs. If the outstanding leg is bent 
outward the two rolls are separated, if inward the single roll is separated. Rolls 
for bending I-beams and channels are made with grooves to fit the flanges as 
shown in the sketch. 
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Circular plates required for stacks, tubular piers, pipes and tanks are bent in 
plate rolls. Figure 38 is a picture of plate bending rolls capable of bending plates 
18 ft. 4 in. wide by 1 in. in thickness. Circular or segmental ends of plate girder 
flange angles or other special bends are made in a bending press by the use of 
properly shaped blocks between which the material is pressed to the shape 
required. 


Fie. 36.—Hydraulic press. 


A bending press is also used for crimping stiffener angles. The crimping is 
the offset on each end of a stiffener angle made to fit over the flange angle thereby 
saving the filler which would be required if the stiffener was not crimped. 

Machines for upsetting rods contain dies in which the heated end of the rod 
is placed and pressed to conform to the shape of the dies. The diameters of the 
upsets are standard for the different sizes of threads, large enough so that the 
diameter at the root of the thread is greater than the body of the bar. As rods 
are partially heated for upsetting, it is necessary that they be annealed to remove 
the internal stresses caused by the partial heating. The annealing consists of 
heating the entire length of the rods in an annealing furnace up to a certain tem- 
perature and then allowing the rods to cool slowly. 

In making rivets, the rounds of special rivet steel or soft steel are heated to a 
white heat and inserted in the rivet dies of a rivet making machine. The head 
is formed and the rivet cut at one stroke. The process is rapid, one of the 
machines making from 10,000 to 15,000 rivets in one 10-hr. day. Some rivet 


Sec. 8-16] FABRICATION OF STRUCTURAL STEEL 549 


machines are equipped with continuous feeders which save the labor and time of 
inserting the rounds in the dies. The output of a continuous fed rivet machine 
is larger than one fed by hand, producing from 15,000 to 20,000 in one 10-hr. 
day. The finished rivets are stored in bins separated according to diameters 
and lengths and sent out as required in the shop or field. Unfinished bolts are 
made in the same kind of machines as 
rivets with special dies to form the square 
or hexagonal heads. 

A cold saw in a forge shop is used for 
sawing forgings, slabs and rounds and 
such material which cannot be made 
sufficiently accurate in forging. 

The ordinary threads are cut by dies 
in thread cutting machines. The dies in 
the machines revolve and cut out the 
threads while the material is held station- 
ary. Threads are also ‘cold rolled””— 
that is, the thread is rolled into the steel 
without cutting away any material. On 
account of the slight upsetting of the 
material during the rolling of the thread, Elevation 
the stock required is a little smaller than Fig. 37.—Bending rolls for angles, 
the diameter of the thread. In a vertical channels and I-beams. 
rolled thread machine, there are two 
blocks parallel to each other which move upward and downward in opposite 
directions. One of these blocks is the die block which rolls the threads. The rod 
to be threaded is placed between the blocks and as the blocks move up and down, 
the thread is rolled on the rod as it revolves A thread not exceeding 6 in. long 
can be rolled for threads 34, %, 1, 114, 114 and 13¢ in. on one of these machines. 

Eye bars in former years were made by welding the heads on the bars. Be- 
cause of the uncertainty of the efficiency of the weld, this method of welding was 
superseded by the process of making the eye bar heads and bar of one piece of 
material. A small number of plants throughout the country manufacture eye 
bars as the equipment for their manufacture is very costly and the demand for 
eye bars limited. The process is to upset the heated ends of the bars in dies 
conforming to the shape of the head. For the larger heads, the operation of 
upsetting must be repeated two or three times before the head is of the correct 
shape. While still heated, the pin holes are punched out about 14 in. smaller 
than the diameter of the finished holes. The bars are then annealed, allowed to 
cool and prepared for boring. The bars of the same dimensions are clamped 
together and both pin holes bored at one time. This is very important as the 
bars occupying the same panel in a truss must be of the same length to transmit 
an equal amount of tension. When tests of eye bars are requested, one bar each 
of several sizes is ordered in excess. After the bars are finished, the customer’s 
inspector selects at random any one of the sizes of which there is one in excess. 
The selected bars are tested to destruction. If the test of any bar is unsatis- 
factory, the bars represented by the test bar are rejected. Rejections, however, 
are very rare as the material for the bars passed the mill inspection and the 
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standard sized heads are made with an excess of about 33 per cent greater than 
the body of the bar. 

Two processes of welding are commonly used; are welding by elootcieity: and 
acetylene welding. These processes, known as “fusion welding,’ play an 
increasing part in the fabrication of structural steel. ‘‘Tack-welding” is used 
as an aid to shop assembling processes. The method of joining parts for the 
transfer of stress is known as ‘‘strength-welding.” In electric welding either 
direct or alternating current may be used. The arc is formed between the metal 


Fria. 38.—Bending rolls. 


to be welded acting as one electrode and the fusion steel wire acting as the other 
electrode. The are melts the fusion steel wire which is deposited on the parts 
to be welded. The welding current is of low voltage, usually from about 15 to 
45 volts with an amperage of 50 to 100 for thin plates, increasing to 350 and more 
for thicker plates. 

17. Machine Shop.—The machine shop of a structural plant will generally 
be equipped to finish bridge castings, pins, rollers, bases, draw span and bascule 
bridge and turntable machinery. 

Such equipment will include a tool shop, lathes, lathe grinders, boring lathes, 
boring mills, planers, drills, shapers, gear cutters, bevel gear planers, key seaters, 
bolt cutters, nut taps, a hydraulic press and other machines. 

In the tool shop are machines for making tools required in the shop and field 
including drills, reamers, punches, rivet dies, rivet sets, various lathe tools, etc. 
There are lathes, milling machines, shapers, and grinders for making the tools. 

The larger lathes are used for turning bridge pins, shafting for movable 
bridges, large gears and large circular pieces. One of these lathes will swing a 
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Fic. 39.—Lathe grinder. 


Fie. 40.—Boring lathe. 
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piece 80 in. in diameter on the face plate and 60 in. in diameter over the tool 
carriage and can turn a piece up to 60 ft. in length. 

Shafting, bridge pins, rollers, conical rollers for turntables, and draw span 
rollers are generally ground to the finished dimensions to secure accuracy and 
smoothness. The steel to be ground is centered in a lathe. In contact with the 
steel is an emery wheel attached to an auxiliary shaft. As the steel revolves in 
the lathe, the emery wheel is rotated at a high speed and automatically travels 
the length of the steel which the emery wheel is grinding. A lathe grinder of 
this description is shown in Fig. 39. In the picture the emery wheel may be seen 
in back of the lathe. 


Fia@. 41.—Boring and turning mill. 


Large pins and shafting have holes bored through their centers. The purpose 
of this boring is to expose the interior of the metal for inspection and to reduce the 
weight. The boring is done on a boring lathe, a picture of one of these machines 
being shown in Fig. 40. The material is held in chucks at the head of the lathe 
and supported at intervals for its entire length. The boring head is attached to 
a boring rod which is fastened to a carriage moving automatically along the bed 
of the lathe. The material is rotated while the boring head is fed slowly into it 
while boring out the hole. A cutting compound of diluted grease is forced by a 
pump through a hole in the boring rod and up to the cutting edges, the drillings 
are discharged with the cutting compound into a pan below the lathe from whence 
the cutting compound is pumped back to the boring rod, to be used over and 
over. The boring heads for this machine vary up to about 16 in. in diameter. 
Larger sizes can be made as the occasion demands. The longest pieces which 
can be swung are 26 ft. by 17 in. in diameter. The largest size which can be 
swung is 32 in. in diameter by 14 ft. long. 
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A picture of a boring and turning mill is shown in Fig. 41. The material 
rotates while the tools automatically feed horizontally, vertically or in an inclined 
direction as desired. This mill will finish pieces 10 ft. in diameter by 6 ft. bigh. 
When the housings are moved back to the extreme position, pieces 16 ft.in 
diameter can be handled. Circular pieces such as discs, turntable centers, gears, 
etc., are turned on this mill. The machine can also be used for planing level 
surfaces provided the circular cuts are not considered objectionable for the 
purpose the casting is used. 

The planers are used for planing bases and generally all surfaces in one plane. 
A number of castings are set up on the planer bed and all planed at one time with 
one or two cutting tools. The material moves horizontally while the tools are 
fed mechanically in the direction desired. One tool will take the “‘rough cut”’ 
followed by a second tool taking the ‘‘finishing cut.” Figure 42 is a picture of a 


Fia. 42.—Planer. 


planer capable of planing a piece 10 ft. wide by 10 ft. high and 30 ft. long. Many 
kinds of special work can be planed. Take, for example, the special teeth on 
straight rack sections. The rack sections are clamped transversely to the bed of 
the planer side by side so that the tool cuts the faces of several teeth in one travel 
of the bed of the planer. The tool is fed by hand to conform to a templet of the 
profile of the teeth. 

The conical surfaces of the upper and lower sections of circular tracks for 
draw span drums or balance wheels are sometimes planed on planer beds. This 
is done by having the tool mechanically travel in a plane making a small angle 
with the horizontal and moving the segments in a circular direction on the planer 
bed. Greased guides force the segments to slide with a movement such that the 
tool will cut the length of the casting and in a path concentric with the sides of 
the casting. 
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On the shapers, the material is clamped to the bed and the tool travels the 
length of the material to be cut. The ordinary type of shaper has the tool work 
“away” from the machine, another kind has the tool “ pull” toward the machine 
and is known as a draw cut shaper. The shapers are used for many purposes, 
such as making keys for shafting, joints for split bearings, finishing dies, etc. 
—briefly, all small material requiring finishing in one plane. 

Comparatively few structural shops are equipped to cut gear teeth. The 
tendency at the present time is to cut gear teeth instead of casting them because of 


Fre. 43.—Gear cutter. 


the greater accuracy secured with cut teeth. Unfortunately, four different 
standards of gear teeth are in use, involute teeth of 1414-deg. obliquity with 
diametrical or circular pitch or 20-deg. obliquity with either pitch. It is therefore 
necessary to keep four sets of cutters of the sizes commonly used or, as frequently 
happens, request changes to suit the cutters on hand. 

The teeth of gears are cut on a gear cutter such as shown in Fig. 48. A spindle 
holding the circular cutter revolves and removes the material from the blank gear 
between two consecutive teeth. The gear has a mechanical feed of about the 
length of a tooth. After the cut is made, the gear automatically revolves the 
space of one tooth, the revolving cutter mills out the next space and so on until 
the full number of teeth are made. For the larger gears, two or three sizes of 
cutters are used to make the finished profile of the teeth. For the machine shown, 
spur gears up to 72 in. in diameter can be cut. 

A bevel gear planer is shown in Fig. 44. It is capable of planing gears whose 
maximum pitch diameter is 60 in. for bevel gears and 54 in. for mitre gears. 
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A key seater for cutting key grooves in gears and structural members has a 
cutter on a vertical spindle which is inserted in the hole to be key seated and made 
to feed up and down during the operation of cutting the key seat. The machine 
described will cut key seats as wide as 4 in. and as long as 24in. The capacity of 
the table is 15 tons. 

Threads for bolts are made with bolt cutters on a lathe or are cold rolled. In 
the bolt cutters, the dies revolve around the bolts which are held stationary. 


Fic. 44.—Bevel gear planer. 


Threads in rods, bolts and pins up to 6 in. in diameter can be made on a bolt 
cutter. Threads of larger sizes must be cut on lathes. Square threads must also 
be cut on lathes. The method of cold rolled threading was previously described. 

Bolts in shear which are used in place of rivets which are inaccessible for driv- 
ing are usually turned 142 in. under size and are called tight fit bolts. They are 
often made on the automatic lathe machines. These machines are capable of 
making from 200 to 300 turned bolts in 10 hr. whereas an ordinary lathe can only 
make from 25 to 40 turned bolts in the same time. 

The nut taps are machines in which the nuts are held in a chuck and the taps 
revolved inside of the nuts cutting out the threads. The threads are U. §. 
standard, up to 14% in. diameter. The sizes vary by }¢ in. and, from 114 in. to 
214 in. diameter, the sizes vary by 14 in. The exception to these standard 
sizes of threads are the threads of bridge pins which have 6 threads per inch. 

A horizontal press is used for pressing gears on shafting and for other pur- 
poses where great pressure is required to press material together. One kind of 
these presses is operated by hydraulic power with a capacity of 300 tons, the dis- 
tance between the housings being 18 ft. 


« 
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A special method is sometimes used for fitting up and finishing the complete 
drum, tracks and wheels of a rim bearing draw span. Formerly the rim bearing 
draw spans were used a great deal; at present most designs of draw spans have 
center bearings. A combination of the center and rim bearings has been 
designed in a few cases for long draw spans carrying a heavy live load. In fitting 
up and finishing the drum, tracks and wheels in accordance with the following 
method, a specially prepared floor and center pit is required. The floor is made 
of concrete about 30 to 40 ft. in diameter with radial beams embedded in the 


Fra. 45.—Assembled drum wheels and tracks. 


concrete. The center casting of the draw span is laid in the center pit at the cor- 
rect elevation and fastened down. The lower track segments are planed on the 
bottom for an even bearing and finished on the ends to secure the correct length 
of each segment. The lower track is then assembled and after being connected 
with the bracing to the center casting is spiked to the radial timbers. The rack 
segments are planed on top, finished on the ends and connected to the lower track. 
The drum is assembled on stool castings which connect to the web leg of the lower 
flange of the drum and rest on the finished top of the rack. All of the radial 
struts are erected connecting the drum to the center casting. The pinion shafts 
and bearings are assembled with the teeth of the pinions meshing with those of 
the racks. Above the drum a temporary horizontal shaft is connected with mitre 
gears to the two pinion shafts. A temporary motor with a speed reduction is 
connected to the horizontal shaft and completes the equipment for revolving the 
drum. Two tool posts, one for a rough cut and one for a finishing cut, are fas- 
tened to the upper track and, when the drum is revolved, the top of the lower 
track is planed. By fastening the tool posts to the lower track, the bottom 
surface of the upper track is planed. The drum wheels are assembled with live 
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rings and spider connecting the rings to the center, temporary stool supports 
removed and the completed drum is turned for several hours on the wheels to 
insure that all of the parts are in good running order. There remains but to 
match-mark the joints, take the pieces apart and paint ready for shipment. 
Figure 45 is a picture of a drum of a 425-ft. draw span for the Northern Pacific 
R. R. at Duluth, Minnesota. The picture shows the loading girders, drum, 
wheels and rack completely assembled. 

18. Shipping.—The office advises the shipper of the deliveries of a contract, 
consignment and routing. Empty cars are ordered several days in advance of 
the dates of shipments. Great care is exercised in placing orders for cars at the 
proper time to avoid the payment of demurrage. The shipping bills containing 
the number of pieces, description, shipping marks and weights are used to ship 
from. The bills are invaluable to the shipper in showing the list of complete 
material comprising a contract and the figured weights of each piece which are 
used to check the scale weights. 

On pound price contracts, beams and small material are generally invoiced 
according to the figured weights. All other steel is invoiced from the scaled 
weights. The shipping pieces are either weighed separately or a complete carload 
weighed in which case the weight of the car and loading material is deducted from 
the weight of the car and its load. 

On lump sum contracts, the weights of the members are figured and obtained 
by scale for purposes of cost and production records. The invoices are based on 
the percentage of the total weight shipped. 

The cars must be correctly consigned and routed over the roads designated 
by the office. If the freight is paid by the customer, he naturally will decide upon 
the routing—otherwise, the structural company will take advantage of shortest 
hauls and the least switching. The routing being decided upon, it is necessary 
to know what the minimum train clearance is, to be certain that the loaded cars 
will clear the bridges, viaducts and tunnels on the route selected. Frequently, 
material is routed over special lines to ship loads of larger dimensions. 

The weights of the shipments must be carefully investigated to secure the 
advantage of smaller freight rates for minimum carload shipments. The 
minimum weights vary in different states from 36,000 to 50,000 Ib. for single 
cars, 45,000 to 75,000 lb. for double cars and 60,000 to 75,000 Ib. for triple cars. 
Minimum carload shipments have the smallest freight rates; less than carload 
shipments (L.C.L. loads) have higher rates. Naturally the L.C.L. loads are 
avoided when possible. 

All cars must be loaded to conform to the rules of the Master Car Builders 
Association. The sizes of timbers used, strength of connections and the arrange- 
ment of the loading must conform or be equal to the requirements given in the 
rules. The loading is inspected by a railroad inspector, either at the structural 
shop or at a terminal point before being switched to a trunk line. The object 
of the rules and their strict enforcement, of course, is to prevent wrecks and injury 
to the material in transit. After acceptance by the inspector, the railroad 
assumes all responsibility for damages to the material while on their tracks. 

Three kinds of freight cars are used for shipments; flat cars, gondola cars and 
box cars. Flat cars are used for shipping long material which requires overhang, 
double or triple loading. Flat cars for single loading are avoided because of 
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the staking and bracing necessary to hold the material. A single overhang load 
is one in which the members project at one end beyond the car on which it is 
supported. A double overhang load has the members projecting beyond both 
ends of the supporting car. The limit in length for a double overhang load is 
65 ft. When the members exceed this length, they are shipped on bolsters. 
If the members are less than two car lengths, about 85 ft. or less, they are shipped 
on pivoted bearings, one of which is on each car. If longer than two car lengths, 
the bolsters are placed on the first and third car of the load. The car between 
the bolster cars is called an idler. Gondola cars have sides about 3 ft. high with 
fixed ends or “‘drop”’ ends. They are generally used for shipping material shorter 
than a car length. Materials in gondola cars require little if any staking or 
bracing. 

Box cars are seldom used except for the shipment of small material which can 
be carried by hand or handled by wheel barrows, or such material which it is 
desired to ship sealed. 

The engineer should be familiar with loading methods and rules to avoid 
expensive loadings. Over-all dimensions of shipping members should be 
determined to conform to train clearances, unwieldy pieces which cannot be 
easily handled by crane, should be avoided, projecting pieces should be shipped 
loose or on such members which will save excessive blocking, details should be 
arranged for compact loading which will save excessive blocking, ete. Most 
important of all, the engineer should design and arrange the field splices of the 
members for single car, single or double car overhang shipments, thereby avoid- 
ing bolster loading as far as possible. As all members over 65 ft. in length are 
shipped on bolsters, lengths under 65 ft. should be used as far as possible. 

19. Simplified Shop Work.—The following items will simplify the fabrication, 
thereby reducing the costs and expediting the deliveries. The purchasers are 
benefited to the extent that they are able to buy at reduced unit prices with 
quicker shipments. Engineers who design and detail structural steel should be 
familiar with shop practice to make the best designs and details. In the sugges- 
tions given herewith, the strength, economy and efficiency of the design is not 
impaired. Some of the suggestions because of their simplicity also permit of 
better shop work. 


STRUCTURAL STEEL 


(1) In the designs, more consideration should be given to the sections used. Special 
material should be avoided. Sections varying by 1g in. should be combined to use one 
section except where large quantities are involved. Very often the delivery of a contract is 
delayed because the shop has to wait for a small quantity of a special section. 

(2) Standard widths of plates should be used as far as possible for gusset and lateral 
plates. Special widths will generally be required for girder and stringer webs. 

(3) For box-shape columns, diagonals, chords, etc., turn the angles or channels out 
where possible to permit the use of power driven instead of hand rivets for driving the rivets 
in the tie plates and lacing bars. 

(4) For chord sections, the use of reinforcing plates between the angles should be 
avoided, by using thicker or additional web plates the full depth of the chord. This design 
has the advantage of connecting more of the main material to the flange angles directly and 
avoids the use of a great many rivets which are necessary to connect the reinforcing plates 
to the webs. When two webs are riveted together the rivets holding the plates together 
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should be about 12 in. apart, the edges being held together by the rivets through the flange 
angles. E 

(5) Frequently on stringers and light girders, the webs are designed very light which 
necessitates the use of many stiffeners to prevent the buckling of the webs. It is a big 
advantage to thicken the webs and omit the stiffeners. The weight in either case is about 
the same as the omission of the stiffeners will nearly offset the increased weight of the thicker 
web. 

(6) Avoid round end girders for such conditions when square end girders are 
satisfactory. The round ends increase the shop work very materially. The radii of the 
round ends shou'd never be less than 2 ft. 6 in. as the shop work for round ends of small 
radii is not as satisfactory as for those of large radii. 

(7) For round end girders with side plates, the side plates should be cut where the bot- 
tom edge meets the curvature of the flange angle, thereby avoiding the bending of the 
side plates. 

(8) On skew spans the design should be studied with the idea of squaring the ends of the 
stringers, end frames, etc. 

(9) For skew crossings, subways, etc., the amount of skew varies often by small 
amounts. By using a mean of the different angles of skew, more members and details are 
made identical. For instance, if the angles of skew of three crossings are 29 deg. 48 min., 
30 deg. 28 min. and 31 deg. 2 min. respectively, the three crossings should be designed with 
a mean of these angles, which in this case is 30 deg. 26 min. 

(10) Instead of using built up bolsters which are uncertain in their workmanship because 
of the fitted stiffeners, use cast iron for light work and cast steel for heavy work. 

(11) For complicated pin bearing shoes very good results can be obtained by using 
cast steel instead of building up with a large number of plates, stiffeners and diaphragms. 

(12) Use cast-steel bases instead of rail beds under the rollers at expansion ends of girder 
or truss spans. 

(13) When detailing the sections for top chords and end posts, place the pin holes in 
the middle of the members. It is not necessary to change the working line to the center of 
gravity as the weight of the members will to some extent offset the effect of the unsym- 
metrical sections. 

(14) A common mistake is to design the members with too small a width causing trouble 
in packing the pins, clearances for verticals and pin plates and insufficient space for driving 
field rivets. 

(15) The size of pins should be determined with the idea of using as few different sizes 
as possible,—usually two or three sizes are sufficient for one span. 

(16) Eye bars, adjustable members, turnbuckles, screw threads, segmental rollers, 
clevises, upsets, etc., should be designed according to the standards of the structural 
companies. 

(17) In any one structure, avoid a needless variety of details or members. A few illus- 
trations may be mentioned. Girder spans or truss spans should be of the same length or 
of as few different lengths as possible; towers in viaducts of the same heights or as few differ- 
ent heights as possible; plate girders including tower girders made of the same depth in a 
viaduct, stringers of the same depth in a bridge of various lengths of spans; and so on. 

(18) The bases of tower and building columns are often designed with large wing plates, 
reinforcing diaphragms and distributing angles to carry the bearing directly to the masonry. 
A simpler and more efficient design is to transmit the bearing through a casting. The struc- 
tural base will then be of simple design, the base of the column being held to the casting by 
two or more connection angles. The base plate should be omitted as being superfluous in 
this design. Often a rolled slab is used on building work and bridge work to distribute the 
load to the grillage or supporting girders. The use of the slab saves the making of a pattern 
and for the same depth as a casting gives a larger moment of inertia. 

(19) The type of column which is most satisfactory to the shop is the one composed of 
four angles and a web plate, cover plates being added when needed for section. However, 
the column should be designed with as much metal in the angles and webs as possible to 
eliminate the use of the cover plates, provided there is no waste of material caused by such 
omission. This type of column may be used to advantage for office and mill buildings, 
diagonal truss members, single bent columns, etc. 
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(20) Column and chord sections should be detailed preferably under 40 ft. in length, a 
car length, but should not generally exceed 65 ft., the limit in length for a double overhang 
load. If longer than 65 ft., the members must be shipped on pivoted bolsters. 

(21) On viaduct work, when the track is on a small grade, make the two bents of one 
tower alike by adding filler plates on the top of the up-grade columns. When the track is 
on a steep grade, the two bents of one tower should be made of the same height by setting 
the masonry to different elevations. Also the longitudinal bracing should be made square 
with the columns. 

(22) For very light columns, use plain I-beams or H-columns instead of built-up columns. 

(23) For floor girders or wind bracing girders, when two or more girders are alike except 
for small variations in length, add fillers at the ends of the girders to make them identical. 
In this way variations as large as 1 in. may be taken care of by adding }4-in. fillers at each 
end. 

(24) The details of wind bracing girders with bracketed connections should be carefully 
considered to avoid unnecessary varieties and too many detail pieces. 

(25) When shallow beams frame into deep beams with their tops at the same elevation, 
it is often possible to drop the shallow beams a few inches and avoid the coping of the top 
flanges. 

(26) Crane girders in mill buildings are often stiffened transversely by horizontal 
bracing. If possible, the top flanges of the plate girders should be designed wide enough 
and of such stiffness to resist side bending without the necessity of the horizontal bracing. 

(27) On mill building columns, horizontal stiffeners are sometimes used to prevent the 
buckling of the webs caused by the bending stresses. The web plates should be increased 
in thickness without the use of stiffeners sufficiently to resist the buckling. If this is not 
possible, the ends of the stiffener angles should be set back from the column angles, eliminat- 
ing the milling and chamfering. 

(28) Instead of using close lacing on compression members it is often advisable to use a 
solid web. This will sometimes permit the use of a lighter weight of main angles by count- 
ing the web as part of the section and besides will greatly facilitate the painting. 

(29) For tension members use tie plates instead of lacing bars. The exception to this is 
for such members which require the lacing to prevent sagging. 

(30) The lacing bars should generally be lapped instead of the ends being side by side. 
In a comparison of the two methods, the one having lapped bars requires about one-half the 
number of rivets. 

(31). Good results are obtained by straightening base, sole and cap plates up to 114 in. 
in thickness instead of planing them. Beyond this thickness, the plates should be planed. 

(32) Angle bracing should be used instead of rod bracing. Simpler connections are 
possible for the angle bracing and the structure is also more rigid. The vertical leg of the 
angle bracing should be large enough to prevent excessive sagging. 

(33) In long structures, adjustment points should be provided to allow for slight inac- 
curacies in the steel and variations in setting the columns. Such adjustment will also 
serve the purpose of allowing for the expansion of the steel, if desired. 

(34) Designs and details should be made to afford the structural shops every facility to 
use their equipment to advantage. For instance, details should be arranged for the multi- 
ple punches and to suit requirements for bending, machining and other shop operations. 

(35) Chord members extending over two panels should be made of the same section to 
avoid the shop splices although the stresses in each panel are different. The weight of the 
shop splices will offset the increased weight due to making the sections alike for both panels. 

(36) A common error is in not allowing sufficient clearances at the ends of sheared mem- 
bers, entering connections or when cutting pieces to clear other pieces. Shearing and 
coping is not an exact operation and reasonable allowances must be made for practical work. 
A clearance of 14 in. is considered reasonable at the ends of sheared members or cuts while 
the opening to receive an entering member should be usually }¢ in. larger than the size of 
the entering member, 

(37) Sufficient clearance should be allowed between the movable and fixed portions of 
movable bridges. If possible, 2 in. should be allowed for such clearance. 

(38) When designing lateral angles of small section, omit the lug angles to develop the 
outstanding leg if the number of rivets required for the connections does not exceed 6 rivets. 
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(39) Generally, the ends of laterals, diagonals, etc., should be designed square, so that the 
mill lengths can be used without additional shearing and trimming. 

Channel diagonals of trusses when turned out and exposed to view, should, however, 
be cut ona bevel. When turned in and not exposed the ends should be square. 

(40) When the bevels on connection angles are slight, the material should be punched as 
if the connections were square. During the fitting the angles are given the bevel desired. 
This will generally apply to floor construction which is on a grade and roof floor construc- 
tion which is pitched for drainage. 

(41) Plates with beveled cuts should be designed with the idea of cutting in the shop 
with the least number of cuts and the least waste. 

(42) Avoid crimping long flange angles as it is very difficult to handle long material in 
the crimping press. 

(43) Angle railings may often be used instead of the more expensive gas pipe railing. 

(44) Bent top flange angles of through girders should be spliced near the ends of the 
girder to permit of better handling in the shop. When this is not done, it means that the 
long angles have to be swung across the shop, thereby interfering with other operations. 

(45) Plates or other shapes should never be bent on the width. When it is necessary to 
use plates whose edges are circular or shaped with re-entrant cuts, shear the plates out 
of sizes of large enough dimensions so that the bending is not necessary. 

(46) Eliminate excessive numbers of rivets. Study each line of rivets and connection 
using the spacing or quantity required for transmitting the stress and holding the material 
together. Very often the larger size rivets can be used with a corresponding decrease in the 
number of rivets. 

(47) The handling of material is a big part of the fabricating costs. Details should be 
made to avoid extra handling of the pieces. As an illustration of this, two sizes of shop 
rivets used in a member causes an extra handling for punching two sizes of holes. 

(48) The details of a member should be arranged to avoid any riveting before 
the member is completely fitted. For instance, countersunk rivets under a stiffener should 
never be used because such rivets must be driven with an extra handling before the stiffener 
is fitted. 

(49) The size of rivets used is governed by the thickness of material to be punched and 
the grips of the rivets. The judgment of the engineer should incline toward the use of the 
larger rivets for the reasons that a less number of rivets are necessary, larger fitting up bolts 
can be used to exert greater force in pulling the material together, and tighter rivets are 
driven. 

(50) On floor plates, skew back angles, stiffening channels, etc., space rivets 8 to 12 in. 
apart. On some classes of work the spacing of rivets may be even greater, depending upon 
the conditions under which the material is used. 

(51) When the shoes of columns are imbedded in concrete or set in grout, it is not neces- 
sary to countersink the rivets in the base. 

(52) When the specifications call for material to be drilled from the solid—as, for 
example, in alloy or high carbon steel—the sections should be designed with as few pieces as 
possible. Instead of using 5- or 34-in. plates which generally are of the right thickness for 
punched work, the material should be ordered in thicknesses as large as 1 in. maximum 
whenever possible. 

(53) Very often it is not necessary to mill the ends of I-beams carrying shear only. All 
requirements are fullfilled by setting the I-beams back from the face of the connection angles 
The shops are prepared to rivet on connection angles and get them square with a variation 
in the length of the member not more than }4 in. without milling. The right lengths and 
square ends can be obtained without the use of milling. 

(54) When columns are set to stone bolts which have been imbedded in masonry, the 
holes should be 34 or 1 in. larger than the diameter of the bolt to provide adjustment to take 
care of the inaccuracies in setting the stone bolts or to allow clearance for drilling the holes 
in the concrete or stone after the steel is erected. 

(55) When vertical angles riveted to a column are used to carry the uplift of anchor 
bolts, the angles should not be fitted between horizontal angles but extend to the milled line 
to be finished with the main section of the column. ‘The fitted angles are uncertain in 
action whereas the angles milled with the column give the best workmanship. 
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(56) Connection angles or angles for carrying concentrated loads should never be fitted 
between the flanges of I-beams as the beams of the same section vary in size. It requires 
considerable work to fit the ends of the angles between the flanges, also the result of securing 
a good bearing is doubtful. Thicker webs or more beams to carry the concentrated loads 
should be used instead of using the fitted stiffeners. 

(57) Stiffeners in building girders or girders encased in concrete which are used solely for 
stiffening the webs should not be fitted tight between the flanges but set back about }4 in. 
at each end, thereby saving the chamfering and milling of the ends. Stiffeners fitted at one 
end are difficult to fit up tight and should be avoided if possible. 

(58) The outstanding legs of stiffener angles which carry bearing should only be counted 
upon for bearing as the chamfered leg of the stiffener will not fit the fillet of the angle tight 
enough to transmit bearing. 

(59) Girder spans should be cambered when their lengths exceed 75 ft. 

To camber highway trusses up to 250 ft. in length, increase the top chord in length 3 ¢ 
in. per 10 ft. 

To camber railroad trusses up to 250 ft. in length, increase the top chord in length }¥ in. 
per 10 ft. 

For all trusses of greater span, the actual deformations for each member should 
be computed. 

(60) To secure a substantial and practical pipe handrailing, the pipes for the posts 
should be threaded for fittings and the rails should be fastened to the fittings with 
pins. The rails are ordered in random lengths and are held together between the posts with 
couplings. 


BRIDGE MACHINERY 


(1) When detailing machinery, it is quite common to model the machinery after a 
former structure. In a case of this kind use as many of the old patterns as possible. It is 
often true that variations in castings are made without any advantage. 

(2) The duties of each casting should be considered. Castiron should be used for unim- 
portant castings and bases. Cast steel should be used generally for the more important 
castings and for those which are in bending. 

(3) Unnecessary planing and finishing of the castings should be avoided. As cast 
iron is cast more accurately to dimensions and straighter than cast steel, cast iron resting 
on masonry does not require any finishing but for cast steel, a rough cut should be taken. 
Generally the surfaces of all castings in contact with other castings or structural work should 
be finished. The exceptions to this are unimportant castings for which accurate workman- 
ship is not essential. 

(4) Holes in structural work connecting to machinery castings where it is essential that 
a good fit and alignment be obtained should be reamed in the shop with the machinery 
assembled. Shims should be provided for vertical adjustment wherever required. If in 
the judgment of the engineer it is extremely difficult to assemble the structural work in the 
shop and where such assembling would not insure perfect adjustment of the machinery, 
it is often advisable to note such holesin the structural work to be drilled in the field. 

(5) For babbitted bearings, notches should be provided in the casting to hold 
the babbitt in place. These notches should be placed close to the point where the bearing 
is split to prevent the babbitt springing up at the ends. 

(6) For phosphorus bronze bushings, bushings should be held in place with dowel pins. 
If the dowel pins penetrate through the bearing, they should be of brass material. The 
castings for split bronze bushings should be ordered from the foundry in a full circle. The 
clearance at the center line will permit the machine shop to cut the bushing in half after 
finishing. 

(7) For the racks of rim bearing draw spans, finish the top surface to enable the shop to 
rotate the drum on top of the rack while machining the top and bottom tread plates. 

(8) When forged shafting is used, the portion required for bearings and gears only should 
be finished, the remainder being left rough as forged. 

(9) As there is a large variety of specifications for special material, such as phosphorus 
bronze, babbitt, cast steel, etc., the engineer should give the compositions for the various 
materials either in his specifications or on the drawings. Due consideration should be given 
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to the conditions under which the special material is used. For instance, for a low speed 
high pressure bearing, the material used for the bearing should be different than one for high 
speed. 

(10) Cast steel should be designed somewhat differently than cast iron as regards clear- 
ances and rules of shrinkage. It should be remembered that due to unequal thicknesses 
the cast steel will warp considerably and this should be considered in allowing for clearances, 
the over- and under-run of the material. 

(11) When a bearing is specified to be one-half babbitt and the other half bronze which 
carries the load, better results are obtained in workmanship by making the entire bearing of 
bronze. 

(12) Segmental rollers for expansion ends of girders and trusses should preferably be 
made of forgings, with sides forged smooth and parallel. Furthermore, it isa big advantage 
in fabrication to make the rollers of standard sizes. The teeth for the rollers, bars for hold- 
ing the rollers together and the tap bolts for the bars should also be standardized. 

(13) Turned bolts should be used for cases where the bolts are in shear or carry vibra- 
tion, as in bearing boxes. The turned bolts should be }49 in. smaller than the size of the 
reamed or drilled holes which should be given in sixteenths, and the size of the thread and 
nut should be }4 2 in. smaller than the diameter of the bolt which from the sizes given will 
make the sizes of the threads and nuts in even eighths and quarters. For example, if the 
size of the bolt is specified as 7 in., the size of the reamed or drilled hole is 154g in., the 
diameter of the bolt is 294» in. and the size of thread and nut is 7% in. : 

(14) All steel castings should be annealed to remove “‘hard spots” and eliminate any 
internal stresses which may exist. 

(15) An important feature in machine construction is details with the parts arranged 
for accessibility in fabrication and for making repairs. The design should be such that if 
any one piece breaks, the broken casting or forging can be replaced without dismembering 
the entire machinery. 

(16) Provision should be made for oiling all bearings or other wearing surfaces. Oil 
grooves, holes for carrying the grease to the bearings, grease cups, etc., should be provided 
as required. 

(17) Babbitt or bronze metals should generally be used in bearings; cast iron or cast 
steel only for light loads with low speed. 

(18) For wearing surfaces of all kinds having surfaces in contact, care should be taken to 
have the surfaces in contact of different metals to prevent ‘‘siezing.’’ Thus, cast iron slid- 
ing against cast iron will sieze, but cast iron against cast steel or bronze will not. 

(19) The caps of bearing boxes are sometimes held to the bases with bolts, the heads of 
which are invisible and inaccessible after the box is in place. The recesses for such heads 
should be made just large enough to prevent the bolt from turning. 

(20) As an aid to the setting of machinery, the ends of machinery struts, beams or 
girders should be finished and dimensions given from the finished lines to set the machinery. 

(21) Turntable wheels and shafts, balance wheels and shafts, and similar machinery, 
should be cast in one piece. This design not only saves the boring of the wheel, turning of 
the shafts and key seating but makes the wheels inseparable from the shafts. 

(22) Generally all gears used in movable bridges should have cut teeth. The cut teeth 
are more accurate than the cast teeth and consequently insure better workmanship. ‘The 
difference in cost is not a great deal and the better results justify the extra expenditures. 
The exception to this is for shrouded teeth, the cutting of which is impossible, and for two 


speed gears carrying light loads. 


SECTION 9 
STEEL ERECTION 


a 

The progress made in steel erection has kept pace with the improved methods 
ef making and fabricating steel and construction in general. The modern erect- 
ing equipment and tools are better and larger than those of former years and more 
rapid methods are employed in erection with less risk. 

The most important consideration in erection is the one pertaining to risk of 
both men and materials. All other items are secondary to that of conserving 
the lives of the men and of saving the loss of the steel with the consequent delays 
and cost of replacement. 

Rapidity in the progress of erection is important. Delays in building work 
cause financial losses in valuable lease holds or increase the constant danger from 
wind storms. Delays in bridge construction often hold up the trunk line traffic 
or add to the menace of rising waters or ice floes. 

1. Organization of Erecting Forces.—Erection organizations have different 
routines and methods of doing work. The larger structural companies maintain 
their own erecting departments in conjunction with the fabrication of the steel. 
Then there are companies organized solely for the purpose of erecting steel. 
There are also a number of large contracting companies, principally building 
contractors, who erect the steel on work for which they have general contracts. 

In any one company, there are the office and field forces. If the company 
has a number of contracts underway, the office is quite a busy place. In the 
office, the executives are surrounded by their engineers, clerical and stenographic 
help. As the mind controls the muscles of the body so the office force of an 
erecting company directs the work of the entire organization. 

The duties of the office forces are varied and many. The estimates for new 
work are made by the engineers and such estimates often involve considerable 
work and investigation. To illustrate, possible and safe erection must be con- 
sidered. Is the available equipment adequate for the work or must new appli- 
ances be purchased? Is it possible to erect the work in the time required? 
Are the labor conditions such at the site that sufficient help can be secured? 
Is the season of the year favorable for the successful completion of the work 
without undue risk of floods or storms to destroy the falsework or superstructure? 
Is there suitable trackage at the site for unloading material and handling for 
erection and to what extent must new tracks be laid? Must traffic on the exist- 
ing railroad be maintained and what effect will this have on the erection of the 
new structure? What housing arrangements should be made for the men? 
These and many other questions must be settled before an intelligent bid can 
be made. Often it is necessary to send an engineer to the site to study the local 
conditions in order to obtain all the information desired. 
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The movements of the field forces are directed from the office. The foremen, 
timekeepers and a number of experienced men are usually permanently employed 
by the company and are assigned to the various contracts under construction. 
Labor and other help required are secured locally at the site. A field force 
consists of a foreman, possibly an assistant foreman, a timekeeper, leaders in 
charge of the different gangs, structural workers and laborers. In the erection of 
the larger structures, the erectors usually have an engineer in charge and the 
customer has an engineer stationed at the site to see that the work progresses 
satisfactorily. Progress reports and photographs are periodically sent to the 
office for record and inspection. 

The shipments of the structural material are regulated by the office as it is 
of great importance to receive the material at the site on time and in the sequence 
of erection. 

Accurate records of the equipment and tools stored in different cities and in 
use are kept. It is necessary from time to time to ship the equipment and tools 
to the required locations. 

Many other matters are attended to by the office—such as engaging men, 
arranging for the transportation and assignment of men in the field, payment of 
salaries and wages and all casualty details. 

2. Falsework.—Except for cantilever erection, riveted and pin spans are 
erected on falsework. Short spans which can be assembled and bolted up on the 
ground are swung into place without the use of falsework. The falsework sup- 
ports the weight of the span until the span is completely pinned, bolted up and 
self-sustaining. Naturally the cost of the falsework is a big item of the erecting 
expense and several designs are often made to minimize the amount of timber 
used in the falsework. When possible, members from the permanent structure 
are utilized temporarily in the falsework construction—for example, stringers 
to carry the track for the erecting equipment. 

The falsework for spans erected over streams is usually erected built up on 
foundation bents of piling. The piles are capped and braced and support the 
falsework proper, the falsework being made of sawed timbers. Sometimes, 
however, when the span is not high, the piling itself constitutes the falsework. 

When traffic is not maintained during erection, the falsework is comparatively 
light, the loads to be carried being the weight of the new span and the erecting 
equipment. When traffic is maintained, of course, there are the stresses caused 
by the moving trains which, however, travel at reduced speed. In maintaining 
traffic on deck structures, additional falsework must be placed on top of the main 
falsework to bring the track to the proper elevation. 

In the building up of falsework for the support of a simple span, a bent is 
placed at each panel point and one ‘near each abutment for the support of the 
end stringers. If the loads are very large at the panel points, two bents 
are used. ° 

A simple bent is made up of two battered legs, two vertical or plumb legs, a 
horizontal cap piece and a lower horizontal piece called a sill. More than two 
battered and plumb legs are often used depending upon the load induced by the 
dead load of the span and erecting equipment and it is only in rare cases that the 
number of vertical legs is as low as two. JF alsework for a span is usually erected 
with a derrick car which with a front truck reaction of from 150,000 to [75,000 
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lb. would require four or five legs for the support of the equipment. This load 
with the weight of the heaviest member erected, together with the dead load of 
the span, would increase the number of legs above four or five. The number of 
legs to be used in a bent may be determined by dividing the total reaction by the 
bearing power of oneleg. Ifa12 X 12 timber is used, and assuming the bearing 
value at 400 lb. per sq. in., the load carried by each leg is about 2814 tons. The 
bents are braced with planks bolted to each side to give stability. Longitudinal 
timbers or I-beams are bolted to the 
caps of the bents under the trusses to 
be erected and also for supporting 
tracks for the traveler and the 
handling of material, such timbers 
or I-beams make up the deck of the 
falsework. Some of the bents are 
braced together longitudinally to 
form braced towers to give stability 
to the falsework. When the height 
of the falsework is considerable, the 
bents are built up in stories or tiers 
and properly braced. Horizontal 
timbers or I-beam struts extending 
the entire length of the span are 
bolted to the bents as required and 
are called sash or level bracing. 
For high falsework, the bases of 
the bents are spread to prevent 
lateral overturning. 

In figuring the loads on the 

Fria. 1—Falsework. bents, an excess load must be pro- 

vided for to take care of unequal 

settlement of the bents and stresses caused by using jacks in case jacking is 
required to adjust or move the span. 

The building of falsework is always a precarious undertaking. The soil at 
the bottom of the river must be known so that the loads imposed on the piles can 
be safely figured with the proper penetration in the soil. There is the ever present 
danger of drift or ice wrecking the falsework or high waters floating the timbers. 
In.deep water, there is a source of danger if the piles are not braced under the 
water level. 

The falsework used to erect the three 476-ft. riveted truss spans for a bridge 
at Bismarck, North Dakota, is shown in Fig. 1. The picture shows a good view 
of the traveler used. 

3. Erecting Equipment.—The erecting equipment used in any given case 
depends upon the kind and size of structure and the loads to be lifted. The equip- 
ment described below is typical of the many kinds in common use. 

3a. Travelers.—The different types of travelers may be divided into 
four general kinds, the gantry travelers, boom travelers (sometimes called mule 
travelers), tower travelers and overhanging travelers. Modifications of the 
ordinary travelers and travelers of special designs are used for structures involving 
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unusual problems. An advantage possessed by a traveler is that any number 
of falls and runner lines desired can be supported. 

The typical gantry traveler is made up of two or three bents in section strad- 
dling the structure to be erected. The bents are substantially braced in the longi- 
tudinal direction and also transversely between the plumb and batter legs for 
wind bracing. “Jigger sticks” of heavy timbers or I-beams are placed on the 
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Fig. 2—Through bridge traveler. 


top of the traveler bents over the center lines of the trusses, to which are attached 
the rigging used for hoisting purposes. The hoisting engine is supported on a 
platform at the base of the traveler or is kept on shore. The material to be 
erected is moved out from the shore to the traveler, picked off of the cars and 
erected in place. Figure 2 is a diagram of a through bridge gantry traveler. A 
very simple form of a gantry traveler is 
the gallows frame (Fig. 3) consisting of a 
single bent held longitudinally with guy 
ropes. Gallows frames are sometimes 
used in plate girder erection, the gallows 
frames working in pairs or one in con- 
junction with a derrick. 

The boom traveler is made up of two 
booms which are attached to a single 
deck traveler on which are two masts, 
two stiff legs and two sills with variable 
lengths of cross struts and framing so that 
the traveler can be adjusted to different 
widths. The booms and masts are 
generally interchangeable with derricks 
of different capacities. This class of traveler is used on viaduct and bridge erec- 
tion where there are no railroad connections, replacing the derrick car or locomo- 
tive crane which generally would be used if track facilities were available. 

The tower traveler has two or more booms mounted on top of a well-braced 
tower. Such a traveler is of advantage in making high lifts. The towers are 
made in one or more stories to secure the required height. The engine is placed 
at the base of the tower. 


Fia. 3.—Gallows frame. 
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The overhanging traveler is not used extensively at the present time. It is 
either a gantry or a tower traveler of some description which has one or more 
overhanging extensions from which falls are hung for raising material. 

3b. Steel Derrick Cars.—A steel derrick car is shown in Fig. 4, with 
the A-frame laid down and in position for transportation. When the car is in 
service for erecting, the A-frame is vertical and forms the mast for supporting 
the boom at the forward end of the car. The engine and boiler are at the rear 
end to aid in counterweighting the car when weights are lifted. The car is self- 
propelling in addition to furnishing the power for lifting the steel. One of the 
features of a derrick car is its low mast which is short to clear overhead 
obstructions. The low mast increases the derrick stresses considerably more 
than the higher masts of the other types of derricks. 


Fia. 4.—Steel derrick car. 


The derrick car is serviceable for many purposes. The steel can be picked up 
near the site and moved forward to the span to be lifted in place without extra 
handling or use of locomotives. Its lifting capacity is limited, however, for side 
lifts. When the side lift is considerable, the car must be anchored to the track 
and securely blocked underneath the frame of the car or anchored by guys 
attached to the top of the mast and to heavy objects or structures in order to 
prevent the overturning of the car. 

Derrick cars are used in the erection of many kinds of structures, being ideal 
for viaduct work, plate girder erection and riveted and pin truss spans. 

3c. Locomotive Erecting Cranes.——A diagram of a locomotive 
erecting crane of 50-ton capacity is shown in Fig. 5. The crane is self-propelling 
and has the advantage of a lifting capacity for the entire circular area covered 
by the swing of the boom. 

For heavy side lifts, beams, called “‘outriggers,” are pulled out on the sides of 
the car body and blocked up from the ground or structure, thereby greatly increas- 
ing the possible load to be lifted without overturning the crane. 

Sometimes curved or straight extensions are added to the top of the boom. 
An auxiliary line called a ‘‘runner” line is used for the extension, being indepen- 
dent of the main falls used in lifting the loads. While the extension increases 
the reach of the boom for light loads, the greatest advantage of the extension is 
in the erection of trusses on mill buildings. A truss is lifted into place with the 
main load lines and purlins are raised with the extension without releasing the 
truss. This method provides stability for the truss until the purlins are erected 
and hold the truss securely in position. 

Locomotive erecting cranes can be used to advantage on many classes of 
structures where there is available trackage and the steel raised is within reach 
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of the booms. Two cranes working together can handle long members which are 


beyond the reach of one boom. 
Locomotive cranes are used extensively on work provided the freight of the 


crane to the site is not excessive. They are very useful in erecting bridge spans, 


Centerof rotation 


Fic. 5.—Fifty-ton locomotive erecting crane. 


mill building work, tiered building work up to 100 ft. in height and for yarding 
purposes. Their use is economical as they are self-propelling and only one man 


is required to handle the mechanical operations. 


Fia. 6.—Twelve-ton stiff-leg steel derrick. 


3d. Steel Derricks.—Derricks are of various designs and capacities. 


The stiff legs, masts and booms are usually made of structural steel, replacing the 
timber which was formerly used. If made with two stiff legs, the derrick is 
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known as a stiff-leg derrick; if the mast is held in position with guy ropes, it is 
called a guy derrick; and if one stiff leg is used, guy ropes bracing the mast 
normal to the stiff leg, it is a combination derrick. 

Figure 6 is a sketch of a stiff-leg derrick of 12-ton capacity. The two stiff 
legs are placed at right angles to each other secured at the bottom to two sills 
and at the top to the mast. A set of tackle connects the top of the mast to the 
top of the boom and another set of tackle is used for lifting the loads. The power 
required for moving the derrick boom and lifting the loads is supplied by a 
hoisting engine. 

A guy derrick of 12-ton capacity is illustrated in Fig. 7. It is similar to the 
stiff-leg derrick except that the mast is held in position with guy ropes and also 


Fig. 7.—Twelve-ton guy derrick. 


that the mast is higher in relation to the boom. On a guy derrick, the mast is 
slightly longer than the boom to allow the boom to clear the guys when swinging. 
This type of derrick is chiefly used on office building erection and in yards for 
storing steel. 

The masts are turned by hand, by swing lines or by means of a bull wheel 
operated by lines from the hoisting engine. Figure 8 is a diagram of a bull wheel 
showing the mast, boom and the connection of the bull wheel to the hoisting 
engine. 

Floating derricks are simply derricks mounted on scows and are an advantage 
when the material can be floated to the site as for the erection of seaport piers, 
dock structures or bridges in sea coast inlets. Erection by this method can pro- 
ceed without waiting for the completion of the approaches or the laying of the 
tracks. 
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3e. Ginny Winks.—A ginny wink (Fig. 9) is simply an A-frame 
derrick of small capacity. The one shown in the figure is of 6-ton capacity. 
The mast is an A- frame which is braced by a stiff leg to the sill. The lead lines 
for operating the boom and the hoisting lines are similar to other derricks. 
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Fie. 8.—Bull wheel. Fig. 9.—Six-ton steel ginnywink. 


3f. Gin Poles.—Gin poles are not used as extensively as formerly. 
A gin pole (Fig. 10) is a timber or steel mast supported at the top with guy ropes. 
A block at the top of the mast holds the hoist lines which are operated by a crab 
or hoisting engine. The base of the pole rests on a shoe made of timber to dis- 
tribute the lifting load over a greater ground area. In lifting loads, the gin pole 


Fie. 10.—Gin pole. Fic. 11.—Shear legs. 


should not be shifted more than a few degrees from the vertical—otherwise, 
there is danger of the bottom of the mast kicking out. The guy ropes are tied 
to surrounding structures or to ‘“‘deadmen”’ buried in the ground. Long lengths 
of gin poles have been used by trussing the pole. As the pole has practically no 
reach, the pole is moved to each new position required. 
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3g. Shear Legs.—The shear legs (Fig. 11) is a modification of the 
gin pole. Instead of a single mast, there is an A- frame requiring two guy ropes 
to hold in position. The shear legs answer the same purpose as the gin pole. . 

4, Erecting Tools.—Most of the hoists, erecting appliances and tools are 

standard products on the market. There are so many varieties that only those 
in common use will be described. 

4a. Hoists.—Steam, gasoline, diesel, or electric engines are used for 
supplying the hoisting power. There are many makes of hoists and the manu- 
facturers’ catalogs should be consulted for details. The capacities and sizes of 
steam hoisting engines of 8, 10, 16, 20, 22, 28, 30,32, 40, 45, 50, 55, and 80 horse- 
power are given in the following table: 


Hoisting drums A.S.M.E. boiler 3 
Size of 
Line pull cylinder 
Hp (Ib.) : ; ; Diam. : stroke 
Diam. Length Diam, Height Gad 
(in.) (in.) (in.) (in.) 

8 2,500 9 18 28 68 416 X 6 
10 3,500 10 20 32 80 5X8 
16 5,000 14 22 36 84 614 X 10 
20 6,000 14 24 38 90 7X 10 
22 7,500 14 26 40 90 744 X 10 
28 8,500 14 30 42 96 74 X 12 
30 8,500 14 29 42 96 844 X 10 
32 9,500 16 30 44 102 8 X 12 
40 10,000 16 30 46 102 9X 10 
45 11,500 16 30 48 102 9 xX 13 
50 12,500 16 30 50 102 10 X 12 
55 13,500 18 30 50 102 10 X 13 
80 20,000 22 40 60 120 12 X 16 


The drums are geared to the engine and operate the lead lines. - The spools, 
sometimes called nigger heads, are located on the ends of the drum shafts. By 
means of clutches, they can be thrown in gear and operated by the engine. The 
spools handle the swing lines or runner lines of the booms by throwing three or 
four turns of the rope around the spools. The spools are also used for hoisting 
loads when manila rope rigging is used. A speed of 75 to 100 ft. per min. is 
obtained in taking in the line on a spool. 

Crabs and winches are operated by hand for hoisting loads but are very seldom 
used in modern erection. A crab consists of a drum geared and turned by a 
crank, fastened to a frame which can be lashed or bolted to a derrick or mast. 
A winch is similar to a crab except that it is supported on a timber frame, making 
it self-contained. 

4b. Blocks.—Hoisting tackle is made up of blocks with wooden or 
steel shells for manila or wire rope. Shackles instead of hooks are generally 
provided for the blocks of heavy capacities. 
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WoopENn Buiocxs ror Maniua Ropr 
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Nominal ; f : 
ype of blook ben Capacity Size of line} Weight 

Gas (tons) (in.) (Ib.) 
Singienwithwiogks +... see. os. do. 8 3 
Double with hook....0....2.....3... 8 i a 0 
Singlevwithshooks: Keb oks....d..- 12 5 14 45 
Doubleswithihook.. 205 2. .....).'.. 12 G 14 70 
‘Tripleawith heok. =. 49m Ao... Jo 3. | 12 8 14 95 
Singlenmthshookte .dare..b. ss 4a - | 14 6 1% 70 
Double:with hook... 4... 45......... 14 10 14 115 
Tviplequth hook... p65. fb ooo... 14 1192 1% 150 
Quadruple with shackle............ 14 14 14 190 
Singleywwith hookes.-fe79 fees 2 he os 16 8 134 90 
Doubleswrth-hook>. ras 22.....42.. 16 12 134 140 
“Lripleswite HOOKS... feel Beton uc 09S. 16 15 134 190 
Quadruple with shackle............ 16 20 134 270 
Singlewaththook.. . 2236-44... ...4.-. 20 15 2 or 2144 170 
Doubletwath hook) vs. PY... cs. 20 22 2 or 214 230 
BEI DG WAGn WOUKie ey Seem ae sae -as 20 | 30 2 or 2144 360 
Quadruple with shackle............ | 20 35 2 or 244 430 


Srre,t Buiocks ror WIRE Rope 


panes Waneier Coe of } 
’ jameter nook or | Capacity | Weight 
Type. of Blok. of sheaves ale i shackle (tons) (Ib.) 

: (in.) : 

(in.) (in.) 
Snatch with hook,. ti... .. 16 34 24 8 128 
Single with shackle.......... 18 % 2 10 157 
Double with shackle......... 18 i% 2 15 240 
Triple with shackle.......... 18 1% 21% 25 398 
Quadruple with shackle...... 18 % 3 30 518 
Five sheaves with shackle... . 24 %-1 vd 50 1,382 
an ee SN ee 
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4c. Rope.—The following tables give the weight, ultimate strength 
and working stress of manila rope, crucible steel and plough steel rope: 


Mania Rope 
(3 Strands) 


‘ Circumference Weight per Ultimate Working load 
Diameter , 

: of rope lin. ft. strength (Ib.) 

ay (in.) (Ib.) (Ib.) (factor of 5) 
\ 34 0.0172 550 110 
3¢ 1% 0.0371 1275 255 
Wy 1% 0.0750 2,650 530 
34 2 0.164 5,400 1,080 
i% 234 0.22 7,700 1,540 

1 3 0.265 9,000 1,800 

1% 334 0.408 13,500 2,700 

1144 44 0.588 18,500 3,700 

134 5% 0.877 26,500 5,300 

2 6 1.05 31,000 6,200 

246 7% 1.63 46 ,500 9,300 

3 9 2.37 64,000 12,800 

316 11 3.60 91,000 18,200 

4 12 4.27 105 ,000 21,000 


CrucIBLE STEEL Ropp 
Wire rope composed of 6 strands and a hemp center, 19 wires to the strand 


Di Approximate Weight Ultimate ssi eines 
iameter ; load for 
é circumference per ft. strength “ 
(in.) Gan (lb.) ib.) derricks 
> : (factor of 5) 

4 34 0.10 5,800 1,160 
6 1 0.16 9,000 1,800 

3¢ 1k 0.23 12,600 2,520 
146 13g 0.31 16,800 3,360 
My 15g 0.40 21,600 4,320 
%6 134 0.51 27,000 5,400 
54 2 0.63 33 , 200 6,640 
34 23 0.90 47,400 9,480 
4g 234 1.23 64,400 12,880 

1 3k 1.60 84,000 16,800 
1K 34 2.03 106 ,000 21,200 
1% 3% 2.50 130 , 000 26 ,000 
13g 43¢ 3.03 157 ,000 31,400 
14 434 3.60 185 ,000 37,000 
15g 5 4.23 216 ,000 43 , 200 
134 54 4.90 248 ,000 49 ,600 
1% 5% 5.63 284 ,000 56, 800 
2 6144 6.40 322 ,000 64,400 
2 654 7.22 362 ,000 72,400 
24% 714 8.10 404 ,000 80 , 800 
24% 7% 10.00 492 ,000 98 , 400 
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: Piover Sree, Rops 
Wire rope composed of 6 strands and a hemp center, 19 wires to the strand 


e working 


: a 
Approximate load Si 


Diameter 
: circumference 


F 


(factor of 5) 


4 0. 1,000 
He 1 0. 1,560 
36 1K 0. 2,200 
He 13g 0. 2,920 
4 15g 0. 3,760 
Ke 134 0. 4,680 
58 2 0. 5,760 
34 23¢ 0. 8,240 
% 234 ie 11,200 
1 3 4 14,600 
1k 314 oie 18,400 
1% 3% 2. 22,600 
13g 43¢ 2: 27 , 200 
1g 434 5: 32,200 
15g 5k 4. 37, 600 
134 516 4. 43,200 
1% 5% 5. 49,200 
2 614 6. 56,000 
2k 654 ip 62,800 
244 7% 8, 70,400 
216 71% 10. 85,600 


The following table shows the efficiency of tackle as determined by tests. 
The table may be used in calculating the loads that can be lifted by the tackle 
as follows: 

Given the pull in lead line, to find the load lifted. Divide the pull by 1.20 each time the 
line is snatched or passes over sheaves other than those in tackle blocks; multiply the 
quotient by the ratio of the load to lead line pull (see table below) and the result is the load 
lifted. If the load to be lifted is given and if it is desired to find the pull in the lead line, 
reverse the above operation. 


Ratios oF Loap To Puut IN LEAD LINE 


Manila rope 


Diameter | Working 


of rope load Lift per unit pull in lead line for tackle with parts as follows 

(in.) (Ib.) E a i ES. an SS eee ee — 
1 2 3 4 5 6 7 8 9 | 10) 11 12 | 13} 14 

= = a i 
34 1,900 ! 0.86] 1.93| 2.73] 3.48| 4.12] 4.71] 5.23/5.71/6.12'6.50/6.83/7.14/7.40|7.64 
Vy 2,300 | 0.83] 1.92| 2.68) 3.37] 3.95] 4.48] 4.92|5.32/5.66/5.96|6.22/6.45/6.64/6.82 
1 3,100 | 0.87! 1.93) 2.74] 3.50) 4.16) 4.77) 5.30/5.80|6.23/6.63/6.98)7.30)/7.58|7.85 
1% 4,300 | 0.83] 1.92] 2.68] 3.37| 3.95| 4.48] 4.92|5.32|5.65|5.96|6.21|/6.44|6.63|6.81 
1% 5,900 | 0.83) 1.91] 2.67] 3.36) 3.93] 4.45) 4.89/5.28|/5.61/5.91/6.15|6.38/6.56/6.73 
13% 7,900 | 0.81] 1.91] 2.64] 3.30] 3.84] 4.33) 4.72/5.08|5.37/5. 64/5. 85/6.04/6. 20/6. 34 
2 10,300 | 0.82] 1.91| 2.65) 3.32) 3.87) 4.37] 4.78|5.14/5.45|5.72|5.94|6. 15/6. 31/6.46 
2% 13,100 | 0.80| 1.90] 2.63] 3.28] 3.80] 4.28) 4.65|5.00|5.27|5.52/5.72|5.90|6.04|6.17 

— 

Wire rope 

34 16,600 | 0.86) 1.93) 2.73) 3.47) 4.11] 4.70) 5.20|5.68/6.08/6.46/6.78/7.08|7.34/7.58 
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4d. Chains.—The following table gives the sizes of chains and data 
concerning the proof tests and working loads. Some erectors, however, prohibit 
the use of chains for hoisting. 


Data ON CHAINS 


: Actual | Suggested | Weight 

Trade Actual Links Proof breaking toad per 
jena’ emg: ee og strain limit 100-ft. 
(in.) ak ‘ oe? (Ib.) (Ib..) (Ib.) 
A %o 16 2,500 6 , 600 1,375 90 
%o 10%5 Es 2,800 7,800 1,540 105 
46 llgo 14 3,600 8,800 1,980 125 
Ee» 12% 6 13 4,200 11,100} 2,310 155 
34 1345 12 5,000 12,800 2,750 170 
ve 1546 1014 7,000 15,600 | 3,850 220 
A 1749 914 9,000 20 , 300 4,950 275 
Ye 1%> 8 11,500 26 , 500 6,325 360 
% 2149 74% 14,000 31,000 | 7,700 450 
34 2540 64 20 ,000 48,500 | 11,000 650 
1g 2% 9 534 26 ,000 61,200 | 14,300 840 
1 1 %o 434 32,850 82,300 | 18,000 1,080 
1k 1 542 4lg 40 ,000 96,400 | 22,000 1,450 
1% 1 %o 336 51,000 112,100 | 28,000 1,650 


4e. Hooks.—Hooks of various designs for various purposes are used. 
A few of those in common use are the girder hook (Fig. 12), the balance beam (Fig. 
13) the I-beam hook (Fig. 14), and the eye bar hook (Fig. 15). 


ay 


| BS 


n° 


Fria. 12.—Girder hook. Fria. 13.—Balance beam. 


4f. Miscellaneous.—A device called an old man (Fig. 16) consists 
of a spindle with a flange support on which an adjustable arm slides. It is used 
for various purposes when backing up is required, as in drilling. The support 
is clamped to the member to be drilled, the arm is adjusted for the length of the 
ratchet drill or air drill and carries the thrust of the drill during the operation 
of drilling. 
An old man wolf (Fig. 17) is similar except for the detail of the support which 
is so constructed that the old man wolf can be swung at an angle, vertically or 
horizontally. It can ho attached to almost any shape of member for support. 
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The steamboat ratchet is commonly used for many purposes for pulling 
members together—for example, two adjacent top chords to secure a bearing, 
pulling up bracing and plumbing columns. A steamboat jack is sometimes used 


Fig. 14.—I-beam hook Fie. 15.—Eye bar hook. Fra. 16.—Old man. 
for J-beams 15 in. deep 
and over. 


Steamboat Jack 
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Steamboat Ratchet 


Fia. 17.—Old man wolf. Fia. 18.—Steamboat jack and ratchet. 


when a jack of light capacity is wanted to push two members or bodies apart. 
Figure 18 shows sketches of a steamboat ratchet and jack. 

Pilot nuts are placed on pins to prevent injury to the threads or pins and to 
facilitate the driving of the pins through the various members. Short pilot nuts. 
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are used in places where there is not enough room for the long pilot nuts. Some- 
times a gas pipe is used as a toggle to support the eye bars during the assembly 
of the joint. The pilot nut is then inserted in the gas pipe and the pin driven. 
Driving nuts are fastened to the pins to save them from mutilation from the 
concussion of the ram which drives the pin. A variety of pilot and driving nuts 


are shown in Figs. 19 and 20. 
Vf fla 
i BB | 
4 Za Y NF, 
Long Pilot Nut Short Pilot Nut 


IMAL 
Long Pilot Nut for Hollow Pins 


Long Nosed Pilot Nut Driving Nut 
Fie. 19.—Pilot nuts. Fie. 20.—Pilot and driving nuts. 


A timber buggy (Fig. 21) is used to move heavy timbers and beams by hand, 
especially when not in proximity to tracks or derricks. 

I-beams and other structural shapes are more easily moved along tracks by 
means of rail jacks (Fig. 22). The steel is supported on the jack which is rolled 
on a rail the rim of the wheel being concave to hold to the rail. 


Fie. 21.—Timber buggy. Fie. 22.—Rail jack. 


In modern erection, an erecting outfit is not complete without the acetylene 
torch. Acetylene and oxygen gases under pressure are emitted through a 
nozzle furnishing a flame of such intensity that steel as thick as 12 in. is pene- 
trated. In field operations, the torch replaces the laboriously slow processes of 
chipping and sawing by hand with a hack saw, and moreover opens up possi- 
bilities in welding. Briefly, the acetylene torch is used for cutting pieces to the 
correct length if too long, cutting off corners which interfere, cutting members 
apart on repair work, burning holes and reaming to size as a substitute for 
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drilling, welding cracks on unimportant members, sometimes welding seams in 
lieu of calking and in certain classes of work, the flame has been used for spot 
welding. In a case reported, the plates of a steel ship were spot welded while 
the ship was on the ways. In another case, the field connections of a small mill 
building were spot welded instead of being riveted. 

5. Pinning, Bolting and Riveting.—The field connections of all steel struc- 
tures are riveted or connected with permanent bolts. The use of bolts, however, 
should be restricted to such connections not in shear or bearing nor subject to 
vibration of live loads. These restrictions will limit its use to light material 
generally of nominal stress—as, for instance, purlins, walkways, handrailing, girt 
framing, monitors and spandrel details. 


Bs ne leg ame Be 
| 5f to 82" : o 


Drift Pin 


oS --©- 
62’ to 108" 


Drift Pin 


6 © 


Traffic Pin 
Fie. 23.—Drift and traffic pins. 


The field bolting is more economical than the riveting but should only be 
permitted for unquestionable connections, the riveting being safer if any doubt 
exists. In bridge work, all connections should be riveted, the exceptions being 
for the shoe connections and the handrailing. In office buildings, the connections 
should be riveted except for such minor details as stairways, handrailing, spandrel 
supports for stone or terra cotta, etc. In mill buildings, purlins, girt framing, 
monitor framing and such bracing not subject to crane vibrations may be bolted. 
In tank and hopper work which is always specified to be air-, water-, dust- or oil- 
proof, the connections must be riveted. In such rare cases where bolts must be 
used, lead washers are placed under the heads and nuts to prevent leakage. 

Before the general use of air in the field for driving rivets, the rivet heads were 
formed by means of a maul hammering on a hand set which was held over the 
hot rivet. Rivets thus formed, were properly called hand rivets. With the ad- 
vent of compressed air and pneumatic hammers for driving rivets, the name hand 
rivets was retained for designating pneumatic hammer rivets, in distinction from 
the rivets called power rivets driven by air of high compression, hydraulic or 
electric power in the structural shops. 

When the members of a structure are raised in place, the connections are 
“pinned” together with drift pins. The drift pins are tapered and completely 
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fill the holes, thus holding the connections securely in place which loose fitting 
bolts cannot do. The connections being lined up properly, fitting up bolts are 
used to draw the various thicknesses of metal together. Drift pins and traffic 
pins, samples of which are shown in Fig. 23, are of different diameters to conform 
to the sizes of the holes and of different lengths to suit large variations of the 
thicknesses connected. 

The number of drift pins and bolts used will depend upon the nature of the 
connection. On trusses, a small number of drift pins and bolts are necessary for 
the top chord splices as the bearings carry the stresses. It is usual to rivet the 
top chord splices after the span is swung. The bottom chord splices of riveted 
trusses are usually riveted up before the span is swung. When this is not done, 
possibly one-half of the holes must be filled with drift pins and one-quarter with 


Pneumatic button Pneumatic flush Pneumatic countersink 
rivet set rivet set flush rivet set 
Fig. 24.—Rivet sets. 


bolts to carry the tension across the splices. The number used will vary with the 
ratio of the dead load (as swung) to the total dead and live load designed for the 
finished structure. The floor beam connections to the posts may be riveted up 
before swinging the span but it is best to rivet up the stringer connections after- 
wards. All diagonals of the trusses and horizontal bracing should be riveted up 
afterwards. 

There are several operations employed in riveting—namely, heating the 
rivets in a hand forge at a convenient location close to the place of driving, catch- 
ing and entering the hot rivets in the holes, bucking up the rivets on the side oppo- 
site to the driver and forming the rivet heads (called driving the rivets). A rivet 
gang consists generally of the rivet heater, the man who catches the hot rivets in 
a bucket and inserts them in the holes with a pair of tongs, the man who bucks 
up the rivets and the man who drives the rivets. The rivets are heated in hand 
forges, rivet pots or in electrical heaters. The familiar hand forges need no 
description. The rivet pots are receptacles for holding the coal or coke and the 
rivets. These pots are provided with a grate at the bottom and compressed air 
is passed through the fuel for heating the rivets, thereby eliminating the work 
of turning the hand fans as required for the hand forges. The electrical heaters 
are capable of heating a number of rivets simultaneously depending upon the size 
of the heaters. The rivets are heated by passing an electrical current through 
them. 
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The heads are formed with sets made of various sizes to conform to the diam- 
eters of the rivets (see Fig. 24). In the figure the sketches show sets for forming 
full heads and for making flat and countersunk flush head rivets. There are 
several pneumatic riveting hammers, the Thor and Boyer hammers being two of 
those well known. The long hammers are 2614 in. in length and the short 
hammers 21} in., space for which must be provided in designing and detailing 
to make the driving possible. Figure 25 is a sectional view of a Boyer air-cooled 


Fig. 25.—Sectional view, Boyer air-cooled riveting hammer (Courtesy of Chicago 
Pneumatic Tool Co). 


hammer, made by Chicago Pneumatic Tool Company. The table below gives 
pertinent data regarding all sizes of Boyer air-cooled and non-air-cooled riveting 
hammers. 


Boyer Arr-cootep Riverina HAMMERS 


Set shank letter 


Weight (lb.) 
symbol 
. rivets eS 
Size and style n:) piston stro e oe picea nt 
(hot) (in.) (in.) : het taper Net A 
fay shank PIné 
40 superior 8 yt 1534 19 
50 8 dig 184% 21 
60 8 bby 2014 25 
80 8 fi 2214 25 
Nors:—Above hammers can be furnished in non-air-cooled type, if specified. 
Boyer Non-arr-cootep Rrverinc HAMMERS 
40-ES (ex. short) 564 16 4 1,525 814 8 Va 18 
90 1% 16 9 910 20% 6 8 i 23 26 
80-X 1% 16 8 950 2054 8 ay 26 29 
11 14% 1346 11 700 2354 fs Vv 2814 31 
60 (heavy type) % 1%6 6 1,340 18 8 Ny 23% 27 
80 (heavy type) 14% 16 8 1,050 20 8 T 2534 29 
90 (heavy type) 14% 16 9 910 21 8 1. 2644 31 


The proper bucking up of the rivets in driving is important to get tight rivets. 
Very often the space available for bucking up is very small and tools of special 
shapes are used. When space will permit, the ordinary straight dolly is used, 
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the bucker up pressing the dolly against the rivet head while the head on the 
other side is being formed. When the hole is located close to the root of an 
angle or the web of a beam, a goose neck dolly is used. For bucking up rivets in 
a narrow space, as between the webs of two beams, a heel dolly is used. A bolt 
hole is provided in the bar in which a bolt with washers is placed to back the 
dolly against the steel to take the thrust. Dolly bars of the kind mentioned are 
shown in Fig. 26. Two more kinds of bars, shown in Fig. 27, are called spring 
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Fie. 26.—Dolly bars. Fic. 27.—Spring dollies. 
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Fia. 28.—Thor bucker- Fie. 29.—Number 50 Boyer 


up (Courtesy of Independ- hammer holder-on (Courtesy of 
ent Pneumatic Tool Co.), Chicago Pneumatic Tool Co.). 


dollies, having handles of spring steel. The handle is suspended in a hook which 
acts as a fulcrum in obtaining proper leverage for bucking up the rivets. 

For the purpose of obtaining a constant pressure in bucking up and thus getting 
tight rivets, a Thor bucker-up made by the Independent Pneumatic Tool Co. 
(Fig. 28) is frequently used. The rivet set is held against the rivet head, and 
compressed air is admitted through a valve operated by a handle and exerts a 
constant pressure against the rivet while the rivet is being driven. 

A hammer type holder-on (Fig. 29) made by the Chicago Pneumatic Tool 
Company, is similar in action to a pneumatic hammer but is used for bucking up. 
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The holder-on point at the end makes it possible to brace the hammer by using 
as many filler blocks as necessary. 

When space will permit on the bucking-up side, erectors have also used two 
driving hammers, one for driving and one for bucking up. 

In cutting out rivets, the rivet heads are knocked off and the rivets backed out 
of the holes. A few of the many tools used for this purpose are shown in Fig. 30. 
Another tool for cutting off rivet heads is a rivet cutting gun which is operated 
with compressed air. These have been found very useful on heavy work for 
cutting out the larger sizes of rivets. In the erection of heavy work, the equip- 
ment is not complete without at least one rivet cutting gun. 

6. Methods of Erection.—There are different methods used in the erection 
of structural steel depending upon the equipment available, preference of the 
erector, type of the structure, size of the structure, maintenance of traffic during 
erection, time permitted for the erection and the risk to be taken. Naturally 
the equipment closest to the site which will do the work required will be used 


4 Cold Cutter 
Fic. 30.—Hand tools for cutting out rivets. 


in preference to the purchase of any new equipment which may give better service. 
Different erectors will prefer different methods at times for erecting the same kind 
of work. The type of the structure is a determining factor, of course, as different 
equipment is required for office buildings than for viaducts or bridge spans. The 
sizes of the members determine the sizes and number of booms used, etc. Ordi- 
narily in erecting a truss span, a derrick car might be used but if a new span 
is built around an old span and it is necessary to maintain traffic, then an over- 
head traveler must be used. If the time of erection is limited, it may be necessary 
to start erection simultaneously from both ends of the structure or add more 
equipment in the way of derricks, etc., all of which greatly adds to the expense 
of the erection. The question of the risk taken is very important—for instance, 
the danger of a flood or of ice floes may make it advisable to use cantilever erection 
instead of falsework, or the prevalence of high winds may affect the sequence of 
erection. 
In emergencies, the erectors are ingenious in accomplishing a great deal with 
very simple appliances such as crow bars, rollers, jacks and hoisting tackle. 
6a. Girder Spans.—Under certain conditions, deck plate girder 
spans can be assembled, riveted at the site and rolled into place. Itis customary, 
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though, to rivet up deck spans up to 60 or 70 ft., either in the shop or at the site. 
The spans up to 40 ft. in length are erected to advantage with a locomotive crane; 
spans over this length with a derrick car. 

In the erection of through plate girder spans, the main girders are placed first 
and then the floor beams and stringers panel by panel. If traffic is to be main- 
tained, the floor system is erected first on falsework and the girders placed 
afterwards. 

The erection of a deck girder span is shown in Fig. 31. The span is riveted 
up complete, ties laid and raised in place with a locomotive erecting crane. 

6b. Riveted Truss Spans.—The erection of truss spans requires 
the use of falsework, except for the shorter spans of 100 to 125 ft. in length. 
These short trusses are usually riveted up complete at the site and swung into 
place with a derrick car or locomotive crane. The floor is then erected in place 
and connected to the trusses. 


Fia. 31.—Girder span erection. 


One of the methods used in erecting through riveted truss spans is to assemble 
each panel of a span complete before proceeding to the next one. Thus, the 
shoes and first bottom chord sections of one end are placed first and the floor 
system between these chords set, the end posts and web members are bolted to 
the bottom chord gusset plates, and then the top chords, portal strut and top 
lateral bracing completes this braced section. Similarly the second bottom 
chord sections, floor, truss members and top chord bracing follow and other 
sections until the entire span is erected. 

It is customary in the erection of through riveted truss spans to put the floor 
system in first, then put the lower chords in place, set up the web members and 
put the top chords on last. It is more advantageous to have the gusset plates 
connecting the web members with top chord riveted to the top chord sections 
rather than to posts or diagonals, as the rivets in the gusset plates connecting 
the top chords with the web members are more easily driven in the web members 
than in the top chord sections. 

The erection of riveted truss spans with a traveler is shown in Fig. 32. The 
structure is a bridge at Bismarck, North Dakota, consisting of three 476-ft. 
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riveted truss spans. In the picture, one of the spans has been swung and the 
false work removed; another span has been partly erected. 

6c. Pin Truss Spans.—Pin truss spans are erected generally with 
derrick cars or locomotive cranes and occasionally with travelers. On highway 
structures where the concentrated load of a derrick car or locomotive crane will 
not permit the use of this equipment, it is necessary to use a traveler. In other 
cases, a derrick car or locomotive crane is usually more economical. The loco- 
motive cranes are more valuable for the shorter reaches; the derrick cars for the 
longer ones. It is customary to put the floor system in first and erect the trusses 
afterward. This method has a great many advantages over that of raising the 
trusses first: (1) There is a great saving in falsework, as longer panels can be used, 
putting bents directly under the panel points and using the new floor system for 
carrying traffic and running out material for the trusses; (2) it permits the posts 
to be bolted to the floor beams and released from the tackles on the boom; (8) it 
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Fic. 32.—Riveted span erection. 


fixes the exact position of the shoes on the piers so that the erection may proceed 
from the center either toward the fixed or roller end; (4) it has the advantage of 
giving more opportunity for jacking up the spans to secure the proper camber; 
and (5) it requires a minimum amount of blocking. 

The erection of a pin truss span begins with the placing of the entire floor and 
the bottom chord eye bars. The center panels of the trusses are erected first 
as these panels have adjustable members and the trusses can be squared up 
before proceeding to the other panels. The details should be arranged so that 
the center panel can be completed and made self-sustaining before the derrick 
car or locomotive crane is moved. In erecting a panel of the truss, the posts are 
bolted to the floor beams. The diagonal eye bars are held up by the boom while 
the bottom chord pins are driven, the top chord section is then placed in position 
and the top chord pins driven. It is usual to proceed from the center panel 
towaid the fixed end, and after this half of the span is erected, to proceed toward 
the rollerend. It is especially desirable in heavy work that the top chord sections 
can be lifted above the posts and set directly in place without being moved on 
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end or sidewise. Therefore, in heavy work, the splice plates connecting two 
adjoining chord sections should be shipped loose. 

Over dangerous streams, where there is a possibility of the loss of the steel 
during erection, it is sometimes desirable to erect the trusses first, so as to have as 
little material on the falsework as possible, thereby reducing the amount of 
material in danger. On heavy truss spans, and this applies to both riveted and 
pin spans, the end posts and top chord members must be raised into position at 
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Fie. 34.—Driving bottom chord pin. 


the inclination the piece occupies in the truss. This is especially true of the 
end posts and inclined top chords which are very difficult to hold at the proper 
angles for making the connections. To overcome this difficulty, a pair of angles 
with a cross bolt, called erecting hitch, is sometimes bolted temporarily to the top 
of the member and located at the center of gravity of the member to give the 
proper inclination. The hoisting hook is fastened to the bolt of the hitch and 
raises the member at approximately the angle required. 
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Figure 33 shows the method of driving a top chord pin. The pin with a pilot 
nut to guide it, and a driving nut to protect it, is held suspended by the falls of 
the boom. A rail held up by arunner line is the ram. By moving the ram back- 
ward and forward, the pin is driven into place. 

Another view of driving a pin is shown in Fig. 34—that of a bottom chord pin. 
The picture shows the pin and eye bars being held up and the ram in contact 
with the driving nut. 

6d. Floating Spans into Position.—Under certain conditions truss 
spans are assembled on scows, riveted up complete, floated to the site and 
anchored to the piers. This method 
of erection will save the falsework 
and is of particular advantage when 
the steel can be shipped easily to sites 
for assembling. The depth of the 
water, of course, must be great 
enough and water conditions such 
that this method of erection is 
feasible. 

The span is assembled on two or 
more scows as required, riveted up 
and the scows towed to the bridge 
site. If the span is erected high 
above the water, the span is raised to 
position on the piers. If a low span, 
it is assembled on the scows, cribbing 
being used to bring the span at an 
elevation somewhat higher than re- 
quired to rest on the piers. By 
means of guy ropes, the span is 
brought to the correct position over cea Z 
the piers and lowered by ballasting Fig. 35.—Truss floated into position. 
the scows. 

The same method of erection may be followed in erecting trusses. After the 
trusses are in place, the floor system is set by running out the material from one end. 

The channel span of the Quebec Bridge was erected on scows and floated into 
position. By means of specially designed lifts, the span was raised into position 
to the correct elevation. 

Figure 35 shows a truss which was assembled on a scow, floated to the bridge 
site and raised to the top of the piers with a gallows frame at one end and a 
derrick at the other end. 

6c. Cantilever Erection.—A cantilever bridge is one in which the 
spans are carried continuously over the piers, the stresses in each span thereby 
being reduced due to the negative moments developed at the pier points. A 
sketch showing the cantilever portion of the Kennewick-Pasco Bridge over the 
Columbia River is shown in Fig. 36. This part of the bridge was erected by the 
method called cantilever erection. The erection started with travelers at both 
ends simultaneously and advanced towards the center of the bridge, panel by 
panel. 
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Sometimes a bridge composed of simple spans cannot be erected as simple 
spans on falsework on account of the deep gullies or deep and fast running waters 
spanned and must be erected by the cantilever method. The bridge designer 
must be familiar with the erecting program to be used and it is advisable that he 
consult with erectors for this purpose as the entire design depends upon the plan 
of erection. Not only must the finished structure carry the dead and live loads 
and the wind forces but the members 
must carry the stresses imposed upon 
them during erection. The bottom 
chords of the trusses which normally 
carry tension under dead and live 
loads are in compression when the 
trusses are cantilevered and the top chords which are in compression in the 
finished structure are in tension during erection. Special members and mechan- 
ical devices must be designed which are used only during erection. 

The following description will serve to illustrate some of the many phases of 
cantilever erection. The example taken is that of a bridge composed of simple 
spans but on account of the high towers and deep water, falsework could not be 
used and cantilever erection was resorted to. The completed bridge is shown in 
Fig. 37. It is a deck structure composed of three 250-ft. riveted truss spans, one 
60-ft. and two 90-ft. approach spans, three towers 120 ft. high and one bent 
supporting the 90-ft. spans. The erection will begin from the pier lend. Either 
a traveler or a derrick car could be used for moving out the material but in this 
description a derrick car is used. As it is very important that the erector use 
the same methods and sequence of erection which was used in designing the 


Fic. 36.—Cantilever bridge. 


Fic. 37.—Bridge erected by cantilever method. 


structure and erecting appliances, it is customary to issue a book of instructions 
to the erector for work having difficult erecting features. 

To set the first span, 60 ft. long, it is necessary to erect the end posts and 
bracing of the truss span at pier 2. The bent can be set with the derrick car but 
if the reach is too long for the weight handled, the posts and bracing can be erected 
with a gin pole or A-frame. When the bent is properly secured in place, it is an 
easy operation to swing the 60-ft. span on to the seat of the bent and abutment. 
The track is then laid on the 60-ft. span and the derrick car moved ahead ready 
for the erection of the truss span 2-3. The span 2-3 cannot be erected as a canti- 
lever span as sufficient anchorage cannot be obtained at the shore end to carry 
the unbalanced weight of the span if erected as a cantilever. It can be erected 
on falsework but because of the height of 120 ft. to be built up, a simpler method 
was adopted as indicated in Fig. 38. One of the permanent towers was tempo- 
rarily set up between piers 2 and 3 upon which two sand jacks were placed. The 
first part of the span was cantilevered out, suitable anchorage being made with 
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the 60-ft. approach span and the abutment, until the portion of the erected span 
rested on the jacks. These jacks were placed at such an elevation that the free 
end of the span, when erected, would be about 15 or 16 in. above the top of the 
tower—otherwise, if the free end of the span was erected below the level of 
the top of the tower, the free end of the span could not be raised to the correct 
elevation. The derrick car is advanced as far as the temporary tower will permit 
and the tower on piers 3 and 4 is erected, after which the remainder of the truss 
span is erected complete, the projecting span being balanced by the part of 
the span between the temporary tower and pier 2. The sand is emitted from 
the sand jacks until the span rests on the bent at pier 3 and the temporary tower 
is removed. 

Span 4-5 is erected as a cantilever for its entire length. Tension members 
with screw devices are provided to connect span 2-3 with the span to be erected 
along the line of the top chords and similar compression members and screw 
devices at the bottom chords. Toggle arrangements and hydraulic jacks have 
also been used for the same purpose. The truss span is erected panel by panel, 
the derrick car moving successively forward after each panel is completed. 


VVAVAVAN 


Fia. 38.—Erection of span 2-3. Fia. 39.—Erection of span 4-5. 


When the span is erected, the tower is placed and the span lowered to rest on 
the tower by releasing the screws (see Fig. 39). 

Span 6-7 is erected similarly to span 4-5. In erecting the 90-ft. girders, if it 
is found that the reach and weight are beyond the capacity of the boom, the 
erector sometimes counterweights the girder. Thus, if the reach without counter- 
weighting is 45 ft., he may reduce the reach to say 30 ft. by adding weight to the 
short lever arm of the girder. 

6f. Viaducts.—Gin pole erection was formerly used for viaducts. 
The bents were bolted up on the ground and then raised in place with a gin pole. 
For rapid erection, a second gin pole would raise the girders. 

At present, derrick cars are generally used to erect viaducts. Travelers 
are used for light highway structures which cannot sustain the weight of a derrick 
car. The boom must be long enough to erect a tower in advance with the derrick 
car or traveler on the completed portion. The erection continues forward span 
by span, the derrick car or traveler advancing as fast as the span ahead is erected. 

The erection of a viaduct over railroad tracks offers the opportunity of utiliz- 
ing the railroad tracks for handling the material and raising the steel. The 
erection of the 18th Street Viaduct, Kansas City, Fig. 40, is an example of this 
kind. A locomotive erecting crane is raising the steel from the railroad tracks 
below the viaduct. 

6g. Office Buildings.—In the erection of most steel office buildings, 
the available space for storing material is limited. The shipments of steel, 
therefore, are generally in lots in the sequence of erection. Stiff leg derricks, guy 
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derricks or A-frame derricks are used to raise the material. Ifthe building covers 
a large area, possibly as many as four derricks erect the steel to hasten the 
erection. Sometimes, the building is constructed in two sections, one section 
at a time replacing the old building and thus permitting the owner to occupy 
one-half and then the other half during the erection of the building. 

It is customary to erect an office building in tiers of two stories each. After 
the grillage and bases are set, the basement tier of columns is raised by two 
booms from the ground level. The beams and girders for two floors are lifted 
into place and the upper floor temporarily covered with planking to minimize 
the risk to the men. The temporary floor also provides space for sorting the 
material for the next tier. Upon completion of each tier of columns and beams, 
the derricks are raised to the higher level for the erection of the next tier, the 


Fia. 40.—Viaduct erection. 


process being repeated until the roof is reached. When two derricks are on the 
ground, each raises the other to higher levels. 

In the erection of some buildings, derricks have been used which were lashed 
to columns of an adjoining building or to columns of the new building. Other 
material such as stone, terra cotta, etc., also is raised by this means. 

When the building contains two or more basements, the basement floors 
usually are not erected until some of the upper floors are in place. The column 
caissons are poured, the grillage and basement columns set after which the first 
floor is erected complete. As the erection proceeds upward, the excavation for 
the basements is begun, retaining walls constructed and each basement floor 
erected as the excavation progresses. The basement floors are designed to carry 
the thrusts of the earth work on the retaining walls. 

An exception to the ordinary method of erecting office buildings is that of a 
tiered building not exceeding 100 ft. in height. This type of building can be 
erected very economically with a locomotive crane provided there are railroad 
facilities for delivering the crane to the site. The shipment of steel must be 
made in vertical tiers rather than horizontal tiers as is the case with derrick 
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erection. The erection by a locomotive crane is by complete vertical sections 
from the basement to the roof. 
The first section of the Illinois Merchants’ Bank Building, Chicago, is shown 
in Fig. 41. Two guy derricks were used to raise the steel. When completed, 
the building occupies a city square and contains about 15,000 tons of steel. 

6h. Mill Buildings.—The mill buildings are usually divided into one 
or more aisles, each aisle carrying an overhead crane. The length of the build- 
ing is spaced into bays, the bays varying in accordance with the crane loads and 
the structural design. 
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Fia. 41.—Office building erection. Fia. 42.— Mill building erection. 


For the smaller buildings, say with three aisles, the simplest erection is to 
run a track through the center aisle and raise all of the steel in the three aisles with 
the boom of a locomotive crane. The crane picks up the material by running 
back and forth and completes each bay at a time. 

If the aisles are wide and the building stands high above the ground, a similar 
method of erection can be used by placing two tracks in different aisles and using 
two locomotive cranes. 

The roof trusses are riveted up on the ground before erecting in place. Figure 
42 shows a locomotive erecting crane hoisting a complete roof truss. 

7. Details to Facilitate Erection—When designing and detailing structural 
steel, consideration should be given to good designs of ample strength, economy 
in weight, simplified shop work and easy erection. Any care used along these 
lines has the effect of giving the owner a better structure at a minimum of cost. 
Too much importance should not be attached to any one of these items at the 
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expense of the other. It is possible to design with the utmost economy in the 
weight of the steel at the expense of increased shop costs; or the shop details 
simplified to the extent that the erection costs are increased in greater proportion 
than the saving in shop work; or the details arranged for easy erection at a sacri- 
fice of good designing and shop work. The decisions made by the engineer 
should be based on the economy to the customer of the structure as a whole. 

(1) Avoid as Far as Possible Entering Connections —When it is necessary to 
slide a member into a connection without having any leeway vertically or hori- 
zontally to move the member, the connection is known as an entering connection. 
An example of such a connection is sometimes seen on the top chord of a truss 
when the splice plates are shop riveted to the four sides of the chord. Entering 
connections are usually the most difficult and expensive to make, and where at 
all possible should be avoided, but, where they must be used, particular attention 
should be given to the necessary clearances. An entering connection is not only 
an expensive and dangerous operation but in a great many cases it cannot be 
accomplished on account of the interference with back walls, adjoining spans, 
etc. 

(2) See That Proper Clearances Are Given.—It is very important to allow ample 
clearance when members are packed in chords, posts, ete., as lack of sufficient 
clearance causes trouble and expense, not only increasing the cost of erection by 
requiring more time to make the span safe, but adding to the risk. In putting 
in tie bars and diagonals, it is customary to connect them on the bottom chord 
pins first, and then swing them into the chords and posts around the lower pins 
as a center. All rivet heads coming in the path of the bars swung in this way 
should be cleared. 

(3) Minimize the Number of Field Rivets Particular attention should be 
given to the question of arranging the connections with a view to using a minimum 
number of field rivets as far as possible. Shop rivets are more economical to 
drive than field rivets and besides are practically all machine driven rivets as 
compared with the hand driven field rivets. Shop rivets should preferably be 
used instead of field rivets provided: (1) That the sizes and weights are such 
that minimum carload shipments may be obtained; (2) that the shipping pieces 
are not too bulky or involve too much risk to handle; (3) that the members con- 
form in size to the train clearances; and (4) that the weight of any one piece is 
not too great for the lifting capacity of the erecting equipment. The connections 
should be arranged to suit the method of erection decided upon. 

(4) Details Arranged to Permit of More Than One Method of Erection—An 
example of this is the floor system of truss spans which may be erected either 
before or after the trusses have been erected in their final position. The floor 
connections and packing of posts and bottom chords should be detailed so that 
either method may be used. The illustration given is only one of many details 
occurring in the erection of all classes of structures. An adherence to this funda- 
mental principle of erection is very important as the erector does not always 
know in advance the conditions which may arise and decide what the sequence of 
erection shall be. 

(5) Attention Should Be Given to the Field Connections So That Enough Space Is 
Allowed Around All Field Rivets to Enable Them to Be Driven.—There should be 
sufficient space for bucking up and for the driving of the rivets. Moreover the 
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location of the field rivets should permit accessible driving, as far as possible, 
without the use of expensive scaffolding. 

(6) In all work, as far as practicable, the details should be arranged so that 
the members can be swung into position without shifting from their final position 
the members to which they connect. 

(7) Stiffeners to which cross frames or floor beams connect should not be 
crimped, but have fillers. The outstanding legs should preferably be not less 
than 5in., and never less than4in. Open holes in stiffener angles should be gaged 
so that the cross frames can be swung into place without spreading the main 
girders. The cross frames or floor beams should be so detailed to permit them 
to be swung into place without interfering with the rivet heads in the main 
girders. When the cross frames of deck spans connect to the top and bottom 
flanges of the girders, 14 .-in. clearance should be allowed at both top and bottom. 

(8) The details should be made so that the members can be placed in their 
final positions before riveting is commenced. 

(9) Generally all girders or beams should rest on the tops of columns or other 
members or on erection seats. This arrangement will give the easiest erection 
with the minimum amount of risk and will save pinning the connections together 
when the members are brought into place. The erection seats are not necessary 
for light beams framing into columns or girders but are desirable for heavy beams 
and girders. When erection seats are used, a clearance of 14 in. should be left 
between the bottom of the girder and the seat angle to allow for inaccuracies in 
setting the seat angle. No clearance should be allowed when the open holes are 
reamed to a steel templet. 

(10) The sections of top chords nearest the center of truss spans should be 
made with at least two full pin holes. In skew spans, the top chord splices 
should be located so that the two opposite panels can be erected without moving 
the derrick or traveler. For trusses with inclined top chords, the top chords 
should be designed so that each opposite panel of the trusses can be erected and 
self-sustained before moving the derrick or traveler to the next panel. 

(11) At least 14-in. clearance should be allowed to cover shop variations for 
cutting, shearing and coping. For riveted web members entering between chords, 
allow 1<-in. clearance on each side for heavy work and 1} in. for light work. 
For plates to be inserted between angles, allow a clearance of 1g in. on each 
side. For beams and girders erected between top and bottom angles, allow 
14-in. clearance under the top angle. 

(12) When a beam frames directly into the webs of two columns, to permit 
the beams to be dropped into place, the rivets above one of the connections 
should be countersunk or left open for field driving. This will save the spreading 
of the columns. 

(13) Portals and top bracing of truss spans are erected after the pins are 
driven. Therefore, it is advisable to use long pilot nuts to facilitate the driving 
of the pins. 

(14) In packing eye bars, the following clearances should be allowed: Eye 
bars 8 in. and under, 1¥¢ in. for each bar plus not less than 14 in. between the 
two sides of the chord; eye bars over 8 in. and up to and including 12 in., 14 in. 
for each bar plus not less than 1 in. between the two sides; eye bars over 12 in., 
34. in. for each bar plus not less than 114 in. between the two sides. 
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(15) In packing pin plates, when more than two pin plates are used on a 
member, allow 142 in. addition for each pin plate. 

(16) Clearances should be provided at the ends of girders or beams framing 
between other members. Girders or beams with milled ends generally have a 
clearance of 145 in. at each end. Girders or beams not milled at the ends gen- 
erally have a clearance of 4. in. at each end. In building construction when 
a beam frames between two other beams, it is customary to provide 1} in. at each 
end. 

(17) For all structures in which girders or beams with end connections occur 
in long continuous lines, it is necessary to make some provision for the over- or 
under-run of the steel. This is done in various ways. A good method is to make 
the girders or beams }¢ in. short and supply fills for one-half the number of 
spaces, the fills being inserted by the erector as required. 

(18) Adjustable rods or bars placed close together should have sleeve nuts 
or turnbuckles staggered. 

(19) Girders which frame into the webs of columns should, when necessary, 
have their flanges notched to clear the rivet heads in the outstanding legs of 
columns. The clearance provided will permit the erection of the girder without 
spreading the columns. 

(20) In detailing new work adjacent to old work or to walls, the field con- 
nections should be arranged so that the rivets can be driven when the new work 
is placed. Spandrel beams which adjoin old walls should be detailed to swing 
into place from the inside of the new building. 

(21) Girders and stringers which rest in expansion pockets should be set back 
enough to allow the insertion of the field rivets for the end connection of the 
adjacent fixed member, as both members are erected before the field rivets are 
driven. 

(22) On deck girder spans and on stringers in through spans, lateral plates 
and rivet heads should be kept low enough to clear the ties. 

(23) It is advisable to shop rivet fillers in place to prevent their loss in transit 
and also to facilitate the erection as there are less pieces to hold in place when 
making the connection. 

(24) When a long line of field rivets occurs in two or more thicknesses of 
metal, occasional countersunk rivets should be provided to hold the plates in 
contact. 

(25) As far as practicable, all members should be detailed so that they can 
be reversed in erection. When the members are not symmetrical and cannot be 
reversed in erection, one end should be marked to indicate the correct turning 
of the members. 

(26) When two spans rest on a bent, as in a viaduct, the details should be 
arranged so that either span can be set in place entirely independent of the other. 
The end cross frames should be detailed to be swung into place from the center 
of the span. 

(27) The overrun or packing out of the cover plates on built-up columns can 
be neglected for columns with one or two cover plates on each side. For columns 
with three or more cover plates on each side, an allowance of }4, in. for each 
plate over two plates should be made. 
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(28) In replacing an old bridge of more than one span, a separate bed plate 
should be provided for each shoe. 

(29) In special cases where adjustment is needed, it may be advisable to drill 
certain holes in the field. The erection drawings should contain notes showing 
the special drilling. 

(30) Holes in steel work should be provided for connecting all auxiliary work, 
such as nailing strips, spiking pieces, skylight curbs, windows, doors, etc. Often, 
time and labor can be saved in erection by bolting the woodwork in place on the 
ground before setting the steel in place. 

(31) When reamed work is specified, the important connections are reamed 
to a steel templet or the connections are reamed with the connecting members 
assembled at the structural shop. With such workmanship, the holes are fair 
and the field rivets are entered without drifting or cleaning out. 

When full size punched work is required, the connections are punched with 
full size holes, no opportunity being given to check the fairness of the holes. 
It should be understood that with this class of workmanship, a certain amount 
of drifting and cleaning out of holes should be considered as a legitimate part 
of the erection. 


SECTION 10 
ESTIMATING STEELWORK 


1. Estimating in General.—Before the cost for structural steel can be deter- 
mined it is necessary to have an accurate and carefully prepared estimate of the 
weight of every piece of steel that is to be included. From this weight or tonnage 
the cost data are made up, and these in turn are used to estimate the final amount 
of bid or selling price. 

Estimating structural steel is a matter of figuring weights rather than costs. 
The estimator is rarely called on to consider the question of prices and costs, or 
assist in the preparation of bids. He is concerned solely in making up a complete 
detailed summary of the weight of the steel in the structure, and from this esti- 
mate the costs will be made up by the manager of sales, general manager, or some 
officer of the steel company, who has had long experience in preparing bids, is 
familiar with current prices, and market and trade conditions, and who must 
assume full responsibility for the correctness of the quotation, after it has been 
sent out. 

2. Estimating from Plans Made by Architects.—Estimates of weight of the 
structural steel for buildings are taken from plans made by architects. These 
plans, together with the accompanying specifications, should offer complete 
information and data required by the estimator. Architectural plans with the 
exception of details for special connections are usually drawn to 1<- or 4-in. scale. 

The lengths of the members are not given on the plans but must be scaled. 
Distances center to center of columns, out to out of walls, story heights, dimen- 
sions of stair halls, elevator shafts, etc., are all clearly indicated, and enable the 
estimator to calculate closely the lengths of the different pieces of steel shown 
in the design. 

The steel framing is sometimes shown in dotted or broken lines on the archi- 
tectural plans, but it is always preferable to have separate framing plans drawn 
for the steel construction. The liability of error on the part of the estimator is 
greatly minimized if he is not obliged to take off the steel from the architectural 
plans, which have so much information on them, that it is often a difficult matter 
to find all of the steel, and make an accurate estimate. 

3. Estimating from Plans Made by Engineers.—Estimates of the weight of 
steel for highway and railroad bridges, and similar structures, are usually made 
from plans and specifications prepared by engineers. Plans furnished for estimat- 
ing this class of work are usually more complete than those provided for buildings, 
and show the stress sheets, loading diagrams, plot plans and profiles, location 
plans, general design with sizes, and members detailed to scale. For a small 
bridge, the complete design and detail may appear on one sheet, 
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Specifications for bridges are of equal importance with the plans, and will 
contain much of the information required by the estimator. 

Bridge specifications should be carefully read and analyzed by the estimator, 
before starting work, as the requirements in different sections of the country, 
and the standards of the various railroad and county engineers will vary as to 
the allowable loading, impact stresses, provision for wind, formulas for calcula- 
tions, and character and physical properties of the materials specified, and this 
will tend to have a considerable effect on the weight and consequently the cost 
of the structure. 

4. Qualifications for Successful Steel Estimator.—A successful steel estimator 
should have had some previous experience in steel design, a thorough training in 
structural steel detailing, and should be familiar with and have some knowledge 
of modern shop practice and erection methods. 

He should be of a studious disposition, careful and accurate in his work, with 
the ability to concentrate, and should have patience and perseverance. He 
should also enjoy the best of health, as the work is very trying. 

Estimating structural steel is rush work, very little time being allowed for 
taking off the steel. It is frequently necessary for an estimator to do considerable 
overtime work. 

5. Estimating Procedure.—The work of estimating must be handled in a 
systematic manner, and while the methods employed in different fabricating 
shops may vary somewhat, the following plan will illustrate the usual procedure 
employed for making a structural steel estimate. 

Plans and specifications are received in the contracting office, from owners or 
builders, who request a bid and fix definitely the date on which the quotation 
must be sent out. Established concerns will receive many such requests, un- 
solicited, but depend in the main on the work of salesmen and solicitors who are 
employed not only for the purpose of securing contracts, but also are expected 
to seek new business, arrange the preliminaries, investigate building reports, and 
get information on proposed work at the earliest possible date. 

When a set of plans is received with a request for a bid, the sales manager 
should decide whether the job will be figured or not. It is often impossible to 
estimate all of the proposed work, and for various reasons, many of the plans 
have to be returned without a quotation. 

If the estimate is to be made, the job is given an estimate number, and the 
plans, specifications and all information at hand are sent into the estimating depart- 
ment. ‘This estimate number should appear on all papers in connection with the 
particular work, and it is always advisable to have the date stamped on each 
sheet, in connection with the number. 

For future reference a record should be made in a book filed in the office and 
the entry should include the estimate number, date, description of job, location, 
name of owner, or purchaser of steel. Every estimate made should be listed in 
this book. 

The plans and specifications are then handed to the estimator who is to make 
the ‘‘take off”’—that is, he will be required to list every piece of steel shown on 
the plans, scale the length, give the number of pieces of each kind and size, and 
check off on the blue prints, preferably with a colored pencil, each piece of steel 
that has been taken off, and which is entered on the estimate sheets. At the 


598 STEEL AND TIMBER STRUCTURES [Sec. 10-5 


top of each page of the estimate will appear the estimate number, date, sheet 
number and the initials of the man who made the estimate. 

The sheets of the estimate are numbered consecutively, and when the entire 
job has been taken off, the sheets are handed to an assistant, who is employed 
to make the extensions—that is, he is required to calculate the weight of all the 
steel which the first man has listed. This result is obtained by multiplying 
the weight per linear foot by the length of the piece, and if there is more than 
one piece in any item, it is necessary to multiply the weight of one by the total 
number required. 

After the weight of each item has been entered in the proper place, it is 
required to sum up the weights of all the items on the sheet, and the total weight 
or tonnage for the sheet is entered at the bottom. It is always advisable to 
keep the totals of each sheet of the estimate separate and then add the totals 
of all the sheets together for the final summary. This method minimizes the 
chance for errors, and if any changes have to be made on any particular sheet, 
it can be done without reference to the others. The summation is simplified, as 
it is easier to add the totais of the different sheets, than it is to carry forward 
from one sheet to another. 

In making up the estimate, it is first necessary to find the cost of the plain 
material purchased from the mill. This refers to the steel shapes delivered to 
the shop, and before any fabrication has been started. 

Certain shapes are sold by the mill at the base price, which is the minimum, 
and all others take an extra, which must be added to the base price to find the 
cost. In making up the estimate the different classes of material must be sepa- 
rated in the summary, so that the exact cost of all the steel can be calculated. 
Allowance must be made for all extras and specials. 

The base price for Standard steel shapes used in fabrication applies to beams 
3 to 15 in. deep, channels 3 to 15 in. deep, and angles 3 to 6 in. for one or both legs 
(and if 14 in. thick or over). 

Steel plates suitable for structural purposes are sometimes sold at the base 
price, but as this does not always hold true, it is necessary to make a separate 
item of plates in the estimate. Bolts, nuts and rivets must also be kept separate 
in the summary, as the price is somewhat higher than for the shapes, and they 
will be purchased direct from a dealer. 

The steel shapes which are known as wide-flange are of lighter weight than 
the Standard shapes of equal depth and strength, but as they take a slightly 
higher price, the wide-flange shapes must be separated from the Standard in the 
estimate. The rate of extras varies for different classifications of wide-flange 
beams, and so all beams with the same extra price should be grouped together. 

In order to find the cost of the bought material delivered at the shop from 
the mill, the summary estimate sheet should be divided as follows: 


PuLaAIn Marpriat CuassIFICATION 


(1) Standard: beams..J candy thy ect cies eae ener ee af to0L57 
(2) Standard beams... usecktscsedeanesteuied Heenan mene 18” to 24” 
(3), Chartnels - <.. an cece nie tana te ee 3h to 152 
(4) Wide-flange beams with extra price of for 100 lb. 
(5) Wide-flange beams with extra price of for 100 Ib. 
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(6) Wide-flange beams with extra price of ___ for 100 lb. 


(7) Wide-flange beams with extra price of for 100 lb. 

CS) EE PATS es eel as sta ae carecu es AS Ailsa acc « All sizes 

(9) WF Sections and Light columns.................... All sizes 
GUD) ARTS SAU Totals pel oe eso RR SAN oe All sizes 
HI Ne Sian ties emertere te eee etarte ie ety epee ve vst a hnkensls Biasleces All sizes 
CUD Stemi ber ene Cr ei cla stn ore vacevhoneis All sizes 
Gey PLY SEL CA MEI cla 1 Ie eg WS) Pc x, ates v sien 37 to: 67” 
URS Iara eR OEM Re er Ra ae Under 3” 
Rea I A TIRRLCEe ters csk eeyeee , Ahhetaa a Be Soe aha als Over 6” 


(16) Rivets 

(17) Bolts and nuts 

(18) Anchors 

(19) Rods 

(20) Turnbuckles and clevises 
(21) Pipe separators 

(22) Cast-iron separators 

(23) Cast-iron column bases 
(24) Cast-iron columns 

(25) Cast-iron lintels 

(26) Cast-iron washers 

(27) Cast-iron rail bumpers 
(28) Steel eye bars 

(29) Steel pins 

(30) Special steel or iron castings 

Any items other than those listed above, should be specially noted when 
required. 

When all of the steel has been taken off, listed, the weights carried out, and 
extensions made, the sheets should be returned to the first estimator who is 
required to check over the entire estimate. This checking should always be 
done in red ink. 

The summary, then, should show the total tonnage and the weights of each 
class of material, the total cost of material purchased from the mill delivered to 
the shop, and the cost of other special material not bought from the mill. The 
estimator should note, at the bottom of the summary sheet, any information 
referring to the particular job which would affect the cost. 

The estimator should be careful to state explicitly what items in the specifica- 
tions are to be omitted. Also reference should be made to any alternates. He 
should note if the steel is to be delivered to the job, or if erection is to be included. 
If the steel is to be erected, he should note what proportion of work is to be 
riveted and what bolted. A statement should be made as to the specification 
requirements for shop and field painting. Information should be given as to 
whether there is to be any shop or field inspection; whether shop detail drawings 
are to be made by the fabricator, or furnished by the purchaser; and whether 
trucking of material from railroad to job will be necessary. 

When all of the above work has been completed, the estimate sheets and the 
plans and specifications are returned to the sales manager or contracting engineer, 
or whoever has the authority to fix prices and make up the bid. 

The cost of the fabricated steel will then be made up and divided among the 


following items which appear in the summary: 
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Bought material delivered at the shop. 

Shop costs of fabrication. 

Overhead expense on fabrication, 

Trucking. 

Freight. 

Shop details (drawings). 

Office overhead expense. 

Insurance. 

Shop inspection. 

Field inspection. 

Erection. 

Field painting. 

To the total cost of the above items will be added the amount decided onto 
be fixed as profit, and when this has been done the bid price will have been deter- 
mined, and quotations sent out through the mail. All estimates in the form of 
proposals, or bids, must be in writing, and should bear the signature of some 
person in authority, or some officer of the company. 

6. Estimating Data. 

6a. Estimate Sheet and Forms.—It is necessary to have some 
standard forms for use in making an estimate, and specially ruled, printed sheets 
are generally provided. The estimate sheet should be of some light color, prefer- 
ably a light buff or tan shade, and the final cost summary sheet can be white. 
The size of sheet may be 84 X 11 in., which conforms to the usual letter size, 
and is found most convenient for filing. 

A sheet that is in use in some offices is 814 X 1134 in. This size has been 
proven very satisfactory, and as it allows more room at top and bottom of 
page for headings and footnotes, it is the size of sheet that is reeommended (see 
illustration). 

At the top of the sheet a l-in. space is left for the heading. In this space 
should appear the date, estimate number, sheet number, and the initials of each 
man who has worked on the sheet. 

Vertical columns are ruled at the left, in which are entered the number of 
pieces required, size and length of each member and the weight per linear foot 
of each piece. To the right are seven columns, about 3% in. in width, in which 
the total weight of each item is entered. Forty horizontal lines 14 in. wide are 
ruled for this purpose, and at the bottom a space is left for the summations and 
totals of all the material on the sheet. 

Some concerns prefer a wider sheet for taking off the steel, using a sheet 11 
xX 17 in. or double the letter size. This size sheet can be conveniently doubled 
over, and filed with other papers and is very satisfactory, where the weights are 
carried down in separate vertical columns running across the full width of sheet. 
On the smaller sheet the weights are carried down in the first two columns and 
then separated in the summary. It is a matter of opinion which method is the 
best. 

6b. “Taking Off.”—As an illustration, an estimate will be given of 
part of the structural steel for a typical office or loft building. Only those 
members will be listed which are shown checked off on the floor framing plan. 

The beams framing between the girders are listed 114 in. shorter than the 
actual span, center to center of girder beams. In the 16-ft. center bay, the 
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length of the 12-in. beams will thus be 15 ft. 1014 in. When the end connection 
angles are riveted on, the length of the fabricated beam, out to out of angles will 
be 5¢ in. short of 16 ft. which will allow clearance at each end. ‘This enables the 
erector more easily to swing the beams into place. 
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The beam framing between columns 6 and 9 should be ordered with a clearance 
at each end of 14 in. between the ends of the beam and the face of the columns. 
This clearance can be more, but should never exceed 14 in. at each end. The 
beam between columns 5 and 6 should have similar clearance but it must be 
noted that one end of the beam frames into the web of the column, and, on this 
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end, the clearance will be one-half of the thickness of the web of the column, plus 


\y to }¢ in. 
Beams which frame into girders, flush top or bottom, must be coped to fit. 
Coping adds to the shop labor cost. The beams to be coped should be separated 


in the estimate, when estimating the cost of shop labor. 
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The tie rods shown on the plan are 34 in. in diameter, and must be long 
enough, and have sufficient thread at each end, to allow of securely tightening 
up a square nut on both ends. 

The spandrel beams, or the beams which are shown in the outer walls, have 
either an angle iron or steel plate riveted or bolted to the bottom flange, and this 
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weight must be added and listed in the estimate; and the weight of the rivets or 
bolts, and the special shop work must be noted. 

The plate girder marked “PG2” in the illustration is shown framing into the 
face of the column, which will require the same clearance as for beams. Where 
possible, the girder should run over and be carried directly on top of the columns 
(as 4 and 11) as this method eliminates bending strains due to eccentricity in the 
connection of the girder to the column. The latter method, of course increases 
the length of the girder, but this extra weight is more than offset by the saving in 
the column, and makes a more desirable detail. 

The estimator should note what size rivets and bolts for field connections are 
called for, and make a separate item of each. He should also list any steel tem- 
plates required. Separators should be used where two or more beams are used 
in combination to form a girder and the estimator should note whether the 
separators are to be gas pipe, or cast. He should list any anchor bolts that 
may be required, and list separately any angle lintels and any material which is 
to be furnished plain—that is, without any shop work on it. A special item 
should also be made of any material which is punched but not framed. 

It is advisable before taking off the columns, to estimate the footings for the 
columns. If this is not done, there is a possibility of overlooking the bases and 
leaving them out of the estimate. Steel columns may have a built-up steel base 
attached to the shaft of the column, in which case the weight is added in directly 
to the weight of the columns. This base will usually include a bearing plate, 
wing plates, four or more angles, and two or more anchor bolts. The base will set 
on a concrete or granite block foundation. 

If the load is heavy, the base of the column may be carried on asteel billet, gril- 
lage beams, or on a cast-iron base. The steel column may also be carried on a 
reinforced concrete base, in which case the reinforcing rods may be included in 
the structural steel estimate, but more often are furnished with the reinforcing 
steel contract. 

The estimator should list the materials for the columns separately, and should 
check off each section as it appears on the schedule. If there is no schedule, then 
the size of columns shown on floor plans and sections must be checked off on the 
architectural plans. 

Steel columns are usually in two or three-story lengths, making the total 
length of the piece from 30 to 40 ft. The estimate should include the weight of 
the splice, where the top of the lower column is joined with plates and angles to 
the base of the column above. It should also include the weight of the details, 
which includes the weight of the connections of the beams to the columns at each 
story, the column cap, and the rivets occurring in the shaft of the column. 
H-columns which do not have reinforcing plates or angles riveted on, have 
no rivets in the shaft. It is customary to figure the weight of two heads for 
each shop rivet in the column, the shank of the rivet filling the hole in the metal 
punched for the rivet and equalizing the weight lost in the punchings. 


Figure 3 is a typical steel column schedule, as will be usually furnished to the estimator 
for taking off column weights. The story heights are given in the first column on the left- 
hand side of the sheet, the numbers of the columns appear at the top of the sheet, and the 
loads on each column, and the section of each length are given directly under. 
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This schedule covers the columns shown on framing plan, Fig. 2, and the numbers on 
the schedule correspond with the numbers on the plan, and serve to identify the different 
sections. 

Columns are combined in the schedule, and are grouped in the estimate whenever 
possible. The location of splices is shown, and the weight of one splice will be from 60 to 
100 lb., and must be added in with the details. The base of columns will be shown in detail 
on the foundation plan, and the weight of this, also the connections of beams and girders to 
the columns at each floor, must be included with the weight of the shaft, to find the total 
weight of each column. 
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The weight of H-columns is found by multiplying the weight per foot, taken from the 
schedule, by the length, and adding the details. 


Columns 3 and 14, in the third column, are known as built-up and the weight of the 


angles and web plate must first be found, and this weight per foot will be multiplied by the 
length, and details added as for the H-columns. 


In estimating cast-iron columns, which are cast in one length, the weight is 
obtained by multiplying the weight per linear foot of the shaft by the length in 
feet, and adding the weight of the top and bottom flanges and the details for 
beam connections. These beam connections, include a seat and bracket to 
which the beams are bolted; also any ribs which are shown on the detail. An 
allowance is made for fillets in corners and where the metal of the shaft has been 
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thickened, as where a column of smaller diameter is carried on a column of greater 
diameter and it is necessary to increase the thickness at top of the lower column 
so that full bearing will be provided. 

Cast columns are bolted to bases and at splices, with at least four bolts of 34- 
in. diameter. Beams which frame into cast columns are connected with bolts 
connecting through the web of the beam to a bracket on the column. Bolts used 
in cast iron work, should be of sufficient length to allow 34 in. at least over the top 
of the nut. 

Field rivets and bolts, which are used by the erector in joining the different 
members together in the course of construction, are taken off the number actually 
required, noting the different sizes, diameter and length, and allowing from 10 to 
20 per cent excess over the total number required, to cover waste, loss and defec- 
tive stock. Usually fitting up bolts are required, especially on the mill building 
type of construction. These are bolts long enough to hold two members 
together while the final riveting is being done on the connection. A sufficient 
number of washers should be supplied with them, so as to enable the erector to 
draw up the connection hard and tight while the rivets are being driven and while 
they are cooling. 

In estimating steel roof trusses, the lengths of the top and bottom chords and 
web members must be scaled from the diagram. As this is usually a simple line 
drawing, the estimator must depend in great measure on his ability to visualize 
the finished truss in detail, and make proper allowance for the length of angles, 
size of gusset plates, details, number of washers holding two angle members 
together, and the number of shop rivets and loose pieces which are bolted for 
shipment. 

Plate girders consist of a web plate with a top and bottom flange, stiffener 
angles with fillers, and shop rivets. The sizes are specified on the plans, and the 
length scaled, and the estimator should experience no difficulty in arriving at the 
exact weight of the complete girder. If the girder is over 40 ft. in length, it is 
shipped from the shop in two or more sections, and the weight of the material 
forming the splice must be added. 

The weights of the plates, angles, channels, rivets and bolts are found 
separately and added together to obtain the weight of the girder. 

In buildings having a traveling crane, it is customary to support the crane 
rails on the top flange of a plate girder. Therails are the usual light railroad type 
and are fastened to the girder by means of hook bolts, which extend over and 
clamp around the edges of the top flange of the girder. 

The rails are in 30-ft. lengths, and a splice is required at each joint. A bumper 
is provided at each end of the runway, and this is usually of cast iron. 

The above rails and fittings are standard, and the details and weights can be 
found in handbooks and catalogues of railway supplies. The girder is similar 
in detail to others used in building work, except that the top flange is reinforced 
with a channel laid flat, and flanges turned down, to increase the lateral stiffness 
of the girder. Some provision must be made for expansion in the length of the 
runway. 

A truss with level top chord is sometimes used instead of the plate girder where 
the span exceeds 40 ft. and the weight of the truss is calculated in the usual 


manner. 
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Crane runway girders are sometimes supported on towers or bents, which are 
riveted truss frames, and the method of taking off the members and details is 
the same as employed for trusses. 

Wind bracing for tall buildings is required where the width of the building is 
small in proportion to the height, and there is danger of overturning. The esti- 
mator will find the bracing specified or shown in detail on the plans, and no 
difficulty should present itself in finding the weight. 

On mill building construction, it is customary to have a system of bracing in 
the plane of the top and bottom chords. This will consist of angles or rods laid 
diagonally, and connected to the trusses by plates and angles riveted at each end. 
Also, a single line or more of longitudinal rods, angles, channels or beams may be 
used, running continuously in the length of the building, at the bottom chord 
level. Similar bracing is not required in the top chord plane, as the roof purlins 
answer the same purpose. 

Some type of brace or strut should be provided at the ridge or peak and eaves. 
This may be a simple beam or channel, or a riveted truss frame. Additional 
bracing is sometimes necessary in the end bays to take up the wind pressure on 
the ends of the building. 

Knee-braces are often provided, connecting trusses, girders and beams to 
columns. These are usually two angles riveted back to back. 

All of the above work is estimated in the usual manner, and the weight is 
found by multiplying the weight per foot by the length in feet for each piece, 
and the results added together to find the total. As this class of work is light 
in weight in proportion to the cost for fabricating and erecting, it should be 
classified in the summary separately from the heavier material. 

Anchors for structural work are specified and shown on the plans and the 
estimator should note particularly the detail—also whether washers or plates 
are required. 

In mill building work, it is sometimes necessary to include a corrugated iron 
or steel covering for the roof and sides of the building. This is taken off in 
squares of 100 sq. ft. and 25 per cent is added to the actual area, to cover side and 
end laps and waste. A flashing is specified on first class work. This is of flat 
metal and should be applied around all window and door openings, gables and 
eaves. Flashing can be figured in linear feet, noting the width of sheet used. A 
ridge roll which is put on the peak of the roof, where the top row of sheets join, is 
estimated the same way as flashing. 

The estimator should note what gage of metal is specified, the number and 
depth of corrugations, and if the metal is black or to be galvanized.. The latter 
is slightly heavier than the black, and costs more. The weight per square can 
be found in the steel handbooks. 

Corrugated iron is fastened to the steel frame with hook bolts, straps, or 
ordinary bolts. The quantity of each kind should be listed, and a price secured 
from the dealer who carries them in stock. 

Where turnbuckles or clevises are required, they are of standard sizes and 
design, and are carried in stock, and all that is necessary is to specify in the 
summary, the quantity of each size to be ordered. 

A set of blue print standards is found in the drafting room of every steel fabri- 
cating plant, which the draftsmen are required to follow in making shop details, 
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and the estimator should also familiarize himself with these details and instruc- 
tions and as far as possible learn in a general way the methods in use in the shop 
in fabricating the steel. 

If the shop standard details are to be used, the weights can be easily figured, 
as the weights of all the details can be found in the standards. If a particular 
set of details must be used in detailing which are not standard, then the estimator 
must ascertain the weight of each particular piece. Any special or unusual details 
will increase the cost of the fabrication, and mention must be made of this in 
the estimate summary. 

In taking off the steel, the length of each piece may be marked in feet and 
inches, as 12 ft. 5 in. or in decimals, as 12.42 ft. Either method is correct, but 
one or the other should be followed throughout by everybody working on the 
estimate, to avoid confusion and possibility of error. The weights are usually 
given in decimals, as 18.4. The loads are in pounds, and in the final estimate 
may be reduced to tons of 2,000 lb. 

Slide rules are of assistance in figuring the weights, and computing machines 
simplify the work of making the extensions and in the summation of weights, and 
should always be used in estimating structural steel. 

While accuracy is of the most importance, no attempt should be made to 
have the estimate too exact, and a few pounds lost or gained on a single item, will 
not materially affect the total weight of the structure. The estimator should 
be careful, however, in listing every pieceof steel, and especially so when more than 
one piece is combined in a single item. An error in an item where a number of 
pieces have been combined—as for example, where one or more tiers of beams 
are duplicated in the estimate—may prove costly. 

If a number of trusses (10, for example) are to be taken off, either of the follow- 
ing two methods should be followed: (1) Estimate one truss complete, taking 
off the angles, plates, channels, rivets and bolts, etc., and when the weight of 
one truss is found, multiply this total by ten; or (2) after finding the weight of the 
one truss, write directly under the total weight for one, the following: Add nine 
trusses like above. Thus, in order to find the weight of the ten trusses, add the 
weight of nine trusses to the weight of one, the result being the same as in the 
first case. 

In order to avoid liability of error, a notation should be made at the top of 
the estimate, calling attention to the fact that there are a number of pieces alike, 
and combined in one item, and this is usually taken care of by the following note 
—as, for example, J'en trusses required—one off. 

Sometimes an estimator will prefer to take off all of the steel which is alike, in 
one item, and when this is done it is, of course, necessary to multiply the weight 
of one piece by the number required, to find the total. Hither of the first two 
methods described, however, is preferable, as an experienced estimator can more 
easily check himself if he first finds the weight of any single member. [If all of 
the trusses in the above example are to be taken off at once, then the following 
note will appear at the top of the estimate: Ten trusses required—all off. 

When trusses are symmetrical—that is, both halves are exactly the same— 

then it is customary to take off only one-half of one truss. This must be carefully 
noted, and the notation at the top of the estimate, will be, for the same example: 
Ten trusses required—one-half off. To find the weight of the ten complete trusses, 
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it will then be necessary to add the weight of nineteen half trusses, to the weight 
found for one half truss, making twenty halves in all. 

The same rule will apply in taking off a number of columns or girders, or any 
special material. But for ordinary beam work, it is usual to write in at once the 
exact number of pieces of each item which are exactly alike—as, for example, 
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If the beams listed above are framed—that is, have connection angles at one 
or both ends—then it is necessary to estimate the weight of the material of which 
the connections are made up, and this material must be separated in the summary. 
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The weight of the connections comes under the general heading of Details, 
and there are several methods for finding the weight for all the details on any 
particular job. The method that is recommended is to actually estimate the 
weight of each individual detail or connection, and enter the totals in the proper 
place in the summary. As many of the connections are standard, and the weights 
have been previously calculated, the estimator can take the weights directly from 
the book of shop standards, or some hand book, and with the weight for one piece 
known, it is a simple matter to find the total weight, by multiplying the weight 
of the single piece by the number required. 

For the convenience of the estimator, standard weights for beam details are 
shown in the accompanying table. These weights should be used only for ordi- 
nary conditions where the actual loading will not exceed the safe load for the beams, 
and where the shear will not be excessive. Allowance should be made for any 
special conditions by the estimator, by increasing the weights of the details. 
The weight of the connections for beams to columns is taken off as a part of the 
column. Bearing plates are steel plates which are used where the beam bears on 
a wall. Cast-iron separators are used to tie two beams together, when they are 
in pairs. The bolts which pass through the separators and the web of the 
beam are included in the weights given. 

Where there are more than two beams joined together, as in grillages, the 
weight of the separators will be the same, but the bolts will change in accordance 
with the length. The weight of separators, however, will vary depending on the 
spacing of the beams center to center. If the beams are placed far apart, the 
weight of the separator must be increased. 
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Gas-pipe separators are sometimes used, and the weight is found by finding the 
weight per foot for the pipe (1-in. diameter is generally specified) and multiplying 
this by the length. 

An experienced estimator may prefer to figure the weight of the details by 
adding a certain percentage to the total weight of all of the steel in the structure, 
without actually taking off the details, or to add to the weight of each of the main 
members, as for columns, trusses and girders, a percentage, which his experience 
would indicate would be correct. While these approximate methods in the 
hands of an experienced man may give satisfactory results, it is rather a danger- 
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ous method for a beginner or novice in estimating, and should be avoided in 
favor of the surer plan of actually taking off the details and figuring the exact 
weights. 

An example of the use of percentage for details is shown in the accompanying 
illustration {see Fig. 5). A number of roof trusses are given having different 
spans, and the data are compiled from shop details and shipping bills for steel 
which has been fabricated for several different types of buildings erected in New 
York City. 

The total weight for each truss is given, and the percentage shown for the 
angles, plates, and rivets which go to make up the truss. The weights being 
accurate, this table can be used as a basis for estimating the weights of similar 
trusses, and for comparison. 

Details for steel columns include the bases of the lower length, splices for the 
upper lengths, and the connections at each floor where the beams frame into the 
column shaft. The ratio of the weight of the details to the total weight of a 
column will vary as the length of the column changes. The percentage for 
letails for long columns will then be less than for short columns of the same 
section. This rule will also hold true for beams and girders. 
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The completed estimate for any structural steel job should be within 3 per 
cent of the actual shipping weight of the fabricated steel, and the estimator should 
make it a rule to take off full, or slightly heavy, rather than to have his tonnage 
run under the correct weight. 

When all of the steel has been detailed and checked, and shop bills prepared, 
the weights should be calculated and entered in the bills of material on each 
drawing. Then the total tonnage should be checked up with the original esti- 
mate, and if there is any great variance, investigation should be made to find the 
reason. 

It is the custom today, where a contract is taken for structural steel on a price 
per ton instead of a lump sum amount, to abide by what is known as the book 
weights in preference to using the shipping weights. The reason for this is that 
the weights taken from the shop details are found more accurate than the weights 
which are furnished by the railroad freight departments. 

7. Cost Data.—Estimating the cost of structural steel is something apart 
from figuring weights, and it is impossible to give data that will be of any real 
use to the novice. In fact, only one who has had a thorough training in all 
branches of the structural steel business, with a full knowledge of prices and costs 
and market conditions, and an aptitude for selling, should ever attempt this 
important work. 

The estimator can, however, easily obtain the costs of plain materials to be 
purchased from the mills. The base prices are quoted in the trade papers. 
This price, figured on base and extras, is variable and is fixed as f.o.b. cars basing 
points. 

To the price f.o.b. basing point should be added the freight charges for bringing 
the steel from the mill to the fabricating shop. As these charges are changed 
from time to time, the estimator should verify the current freight rates. This 
can,be done by applying direct to the railroad freight agents, who will give the 
information. Less than carload shipments take an increased rate, and should be 
avoided wherever possible, as it takes much longer to get a small shipment through 
to destination than it does for a full car. An inquiry sent to the mill will receive 
prompt attention, and the mill will quote prices to any destination. 

The fixing of costs for shop work, office overhead and erection is a much more 
difficult problem, and is handled in many different ways depending a great deal 
on the capacity and conditions existing in any particular shop, the business 
methods in vogue for handling the office and engineering, and the efficiency of the 
erection force. 

The possibility of securing competent shop labor is an important problem in 
any shop today. The efficiency of the mechanical equipment in the shop, and 
the ability of the shop management to get the work out economically, will also 
directly affect the cost of the fabricated steel. 

The following table gives a fair average cost for fabricating structural steel 
under favorable conditions and in normal times for a shop of from 500 to 1,000 
tons capacity per month. Costs of erection are also given. The figures are based 
on reliable data, but are meant to be taken only as relative values. They should 
not be considered as a standard which will be universal for all times and in all 
sections of the country. 
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Costs oF STEEL FABRICATION AND ERECTION 


Fabrication Erection 


Description (cost per ton) | (cost per ton) 
net 
Foundation: 
PATIBNORS DONS Steen ser a teeet ere een aeons cies Gosia coca By Mason 
Grillage beams, separators and bolts..................0c0cceeeeee 8.00 11.00 
Steel columns: 
TR SOR NEL EME Ne efor eR es oh edb wld ovaries asagsse pyaar WSO, @ 6%. Zio 8.00 11.00 
SOCAN Es OMUNIETISYUR te OE PO ote rs clete a ialo cists a tha cre ais aie 62 <veleiee tice a 9.00 11.00 
UTE NTT WUT TU TALED ee oa nile cal cal ai fia sn yen 2S Ginn are « are el ae 11.00 11.00 
A ANBION OD) SUG COVER TIA LORS a iaiais a «minis GieYounwieSsoomrt sa Wipe scare alelialoks 15.00 11.00 
A OTIBER RAG WOR ace si te nie ex oS Sem ws a oppo nbn ore neces ie 18.00 11.00 
BP GUATINGNS BG COVER DIAGEN ren girs ss hs alc Chee ee een k cdo n eee: 14.00 11.00 
2 channels laced......... eee ata aidic.s toatale wis area) wield beaiale sraune 18.50 11.00 
SAD Biow BtAE ORs se ee te oii GS a aie ai wiadeewitnW avsi.atoe wa bares 20.00 14.00 
MANIC GAY DRONE cte an eee Me ees ws tier 8 oisaie tienen © eta eae cis tins 18.00 14.00 
Riveted trusses: 
Light angle frame and gusset plates...............-.-cceeeeeeeees 17.00 19.00 
Heavy angle frame and gusset plates................-.0ec0eceeeee 12.00 17.00 
TICGRBCL GUOTROTANE TREIZOOE fist <tosr sie o's Gao ois le cielo Sletten he marare 14.00 14.00 
cat eavri Seber iis ora ra eet ey eee te ome oe les ema 18.00 22.00 
Knee braces: 
2 angles, plate and angle connections..................2eceeeeees 17.00 21.00 
ANI ete TORI THEE PSS cig SS sinate ss ce scinie Oe ele bd od a eles Oe aaa ah 15.00 21.00 
eee SOREN OR ig 6 oso Ss dis win, sha a 'anchd clei e 55/4 0d wgiaee ewes e 18.00 21.00 
Plate girders: 
A RIE SEAL MECN WN OES EBERT ogee oicie'e clns'o,c'w/Sile'b ihe oie we «eematove 10.00 11.00 
Srasigion. Wy Diate Aue MAVEIN: ono oes hottie vuec Swies ae uwiviewe de aes 14.00 11.00 
rinelons Wixi @irder tw WODB so ice | oa cole hoe clere Sig's ee ieee Sk 15.00 11.00 
AAGUIG LOR VOI ATI REDS couse, Gare owis Sie Sabla! boo ere Sie Meise oie Go 17.00 14.00 
Struts: 
2 channels, web of one to flange of other...................00005- 8.00 14.00 
Mvenbisaramiee Fexach ctxrerlen nas Lt Keo Pe giclee 5 <:5'\o6) ola: vanes iat eieiaiersro ot aionays; elu ¥ 8.00 14.00 
Fe MaRS eae eOR SATS ESS SEE ENPLSLAUEEPLD F085 = Sel pcb, ac! 6 S18 nO e ole -eIEtA eet a. 8a, 5 8/05 4.00 14.00 
RANE MORE RTE a yo clei ox oie o's v' siéunie als Sh Ghale'ela ee bale oiere ste 20.00 14.00 
eee OR EERE RI CREP eee eee I 8 Oe Te Sh a siciatehaate a phe bate ey a 20.00 14.00 
Beams and channels: 
Se aed PRN es cP rs oan gn oh ons sie Sime e'alea Batis cole oes 8 2.00 6.00 
ene ee SME RE MEE AE AO rendatd oie atin win Seu boone ao oF wale ea Aen ane weed do 3.00 7.00 
Eee Ree Ne MEINE rei fara iat ota ae a ie es cae es baa iatalia nse ne ALLS 0d 4 4.00 8.00 
COTS TRA AUT RSS Fe Ap eh Ee ene BO Sea re 5.00 11.00 
En ec MPEN CS CACM ITER SENT eet ree Chcier oe eine Fa 4 ACF 2 0 Vid oh ate mints cletee ¢.6 16 8.00 11.00 
UB ep hed ARCO ELL Rp Reales Bm, ce ie US a) ar ame Pe 8.00 11.00 
Fittings: 
FICE OCS. ANOUOL-DIATER COLO, oo orlawid Vos sje alee ois or as Naas oie Kies 8.00 8.00 
Miscellaneous: 
Bleolig iin irae aris GUC DS s, o6yiyis ¢ vhs bine a's ord raw ale ean is wis ele allele: a 18.00 17.00 
Lei re Wr ENY Mts f 2128s 4 IE a hoi 5 2G Shcais Bisa ixaus jase’ 4 4783 an edema og 24.00 21.00 
AEE MLL ON Here RN aa Re cCcra lara ty Rg acd iar a ciel SU Aa AO Re VEO ERE a eg 8.00 11.00 
PAB RLITMRCN aoe et cco Marois dln PS vaSiale bb bo FETS oe gelee le ea NCeweD 10.00 14.00 
RCH STA TANG Tes oiseia. oio el nica. Suk oir SiR ol el pala ralld. 8-0 Lo GhOLAW 9 Laka -d Gla aCe Re RO 20.00 25.00 
Floor plates: 
POU Aa Rta ee oheis aise idie bird oor Sask Siete e 'ci0e 6B edie arate ees 6.00 5.00 
REL ANGLIA E at icles siete ciivis aiAaiile She vets insta ne ave mar abeolrerncd cides 8.00 16.00 
Crane rails: 
Pa AN eee EE PS Menten aie pyc (iostabe rn 6 uo) S se alele < ANieiy, 6 wie etal ors 8.00 14.00 
SITE IOU MEE Rear AEE eres tals siesta 5s cheln/4 a) va Bia Sato eden eoteimd me 6 2.00 8.00 
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To arrive at an accurate shop labor cost, it is necessary to separate the differ- 
ent classes of material, and the accompanying costs are for actual labor with 
nothing added for overhead or management expense. If a schedule similar to 
this classification is in operation in the shop, then the estimators and men in the 
drafting room should also follow the same arrangement in getting out their work. 

There will be a small charge for handling material which is known as plain, 
without any special shop work, amounting to about an average price of $2 per 
ton. Also a charge must be made for any work done in the structural shop on 
castings, when delivered unfinished from the foundry. Furnishing and applying 
one coat of an approved metallic paint is included in above shop and erection 
costs. 

The question of figuring the cost for overhead expenses is one that can not be 
definitely fixed without taking into consideration the conditions both at the office 
and shop. This is handled in many different ways, but on an average the esti- 
mator can safely assume that the overhead for the shop will approximate from 
50 to 100 per cent of the labor cost. 

The overhead for a steel fabricating office, one that employs a fair sized draft- 
ing room force and two or more estimators, will average about 100 per cent of the 
cost of making the steel details. 

Where a number of jobs are being put through at the same time, the overhead 
per ton, will be proportionately reduced, as the expense will be divided between 
the different contracts. 

The overhead cost on erection of structural steel will usually approximate 
from 20 to 35 per cent of the cost of the labor plus insurance. 

The cost for painting structural steel usually covers one coat of paint in the 
shop after fabrication, and one or more coats in the field after erection. It is 
sometimes specified to use a red lead and linseed oil paint for the shop coat, but 
otherwise any of the standard brands of metallic paint will be acceptable. The 
red lead paint is the more expensive, and is seldom required for the field coats, 
except on Government work. A good quality of metallic paint will cover on an 
average 250 sq. ft. of surface for the first coat, depending on the condition of the 
metal. The first field coat will average 300 sq. ft. and 350 sq. ft. for the second 
coat if it is required. The metal should be dry, clean and have rust and scale 
removed by a wire brush before the paint is applied. 

In estimating, it is common practice to allow one gallon of metallic paint per 
ton of structural steel to cover two coats. The cost of the paint will be from $1 to 
$1.50 per gallon purchased in barrel lots of 48 gal. each. 

The cost of furnishing and applying one coat of metallic paint in the shop will 
average about $1 per ton, and for one coat in the field, where the work can be 
easily reached without much climbing, $1.25 per ton. If this is done by a contrac- 
tor, the price quoted will include his overhead and profit. 

Paint for the shop is bought from the manufacturers in large quantities, and 
is applied by a force of painters employed at the shop. 

Where structural steel is to be hauled a short distance, delivery is made by 
motor trucks. A 5-ton motor truck will make two trips in one day, and the cost 
will be from $3 to $5 per ton. 

For transporting long pieces of fabricated steel, it is usual to employ trucks 
with trailers. 
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Fabricated steel is sold, either by the price per pound, or a lump sum, usually 
the latter—f.o.b. cars at shop, f.o.b. cars at the railroad freight station nearest 
to the job, f.o.b. lighter at a dock having facilities for handling heavy steel, on 
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FINAL ESTIMATE 
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Shop deta/ls_to he include: 
Field connections riveted 


Pant-Shop-One_coa@t-Al-ked— 


Freld-One coat-lron oxide-B lack — 


Inspection—None_at shop 


Ont Piscellaneous and Ornamental /ron k Bronze Work 


Delivery—Four to six weeks 


Fria. 6. 


company trucks at shop, or to be delivered to the job. 


contract must state clearly what delivery is intended. 

The phrase, f.0.b. cars, when used in a contract between buyer and seller of 
structural steel, where the use of a common carrier is necessary, means that the 
seller will secure the cars, load them, and do whatever may be required to make 


The quotation and 
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the shipment, all free of expense to the buyer. It is not the duty of the buyer to 
furnish the cars, or to load the goods. 

The cost of inspection of fabricated structural steel, at the shop and in the field, 
will average from $1 to $2 per ton, depending on the location and the size of the 
job, and provision must be made for expenses of the inspector. 

The rate for liability and compensation insurance varies in different parts of 
the country, and the estimator when making up his cost sheet should apply for 
the exact figures in force at the time. The insurance on shop labor is compara- 
tively light, but the rate for the iron workers employed on erection is very heavy. 

The insurance rates are fixed by law in many localities, also the amount of 
compensation which is allowed for any particular accident. 

Figure 6 is the final cost sheet for the steel taken off the framing plan as 
shown in Fig. 2. It should be understood that the prices quoted are only rela- 
tive, and are printed here solely to illustrate the method used in making up 
the cost for the job. 

The cost of applying corrugated steel, fastened to the steel frame with hook 
bolts and straps, and laps bolted to make joints tight, will average from $3 to $5 
per square for roofing sheets, and from $4 to $8 per square for siding. Sheets 
from 8 to 12 ft. long are provided wherever possible, and No. 20 gage is specified 
for the roof and No. 24 for the siding sheets. Sheets nailed directly to wood 
sheathing will cost from $1 to $2 per square. The cost of applying flashing, 
ridge rolls and corners will be from 5 to 10 ets. per lin. ft. 

On small jobs, or contracts which call for immediate shipment, it is sometimes 
necessary for the fabricator to purchase some or all of the material from stock 
from a local warehouse. The extra cost over buying from the mill will be from 
$20 to $35 per ton. This price will include delivery by truck to the shop, and is 
for plain material only. 

The use of second-hand material is sometimes allowed and, if the steel is in 
good condition, may be satisfactory. This material, however, should not be 
permitted except for simple beam framing, and only when it is impossible to 
secure new steel from the mills within the specified time. This material is sold 
as is, not cut to lengths, and as considerable waste results it will seldom prove 
economical in comparison with new steel purchased cut to length from the mills. 

Pressed steel lumber and fabricated open-web steel joist are modern adapta- 
tions of steel shapes of a lighter section than usually found in structural steel and 
are sold at a price per pound, approximately double that for the structurals. 
This material is not considered as coming directly under the heading of structural 
steel, but is sometimes specified for purlins or beams in connection with the stand- 
ard structural steel girders or trusses. Prices are obtained on application from 
the concerns who handle pressed steel and steel joist. 

8. Selling Steel.—In addition to figuring the weights and costs of structural 
steel, which work is performed by the estimator, the business of selling steel is of 
the utmost importance. This is handled through the office of the sales manager, 
who is called on to supervise not only the estimating, but the soliciting and closing 
of contracts, the question of credits, and the making of collections, and is required 
to cooperate with the engineering department in matters dealing with design and 
detail. 
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As explained previously, the estimators are under the direct supervision of 
the sales manager, who in conjunction with the general manager or some officer 
of the company will arrange a program or schedule of prospective jobs which 
they have decided to figure. 

After a bid has been made up and sent out, it is the business of the salesmen 
or contracting engineers, under the direction of the sales manager, to follow up 
and try to secure the contract. If unsuccessful, and the contract is awarded to 
another bidder, the estimate sheets are placed in a folder, and filed in the office 
for future reference. The plans and specifications should be returned promptly. 
If the concern is successful in securing the contract, the job is given a contract 
number, different from the estimate number, and all papers and plans will, 
thereafter, have this mark, which should be used throughout the life of the 
contract. 

Plans and specifications are then sent into the drafting room for detailing. 
A contract is drawn and signed by both parties, and deposited in the office. All 
other papers, estimate sheets, and correspondence will then be placed in a folder 
and kept in a file provided for “Active Contracts.” This folder will remain in 
this file until the completion of the contract, when it will be removed to a ‘‘Com- 
pleted Contract”’ file. 

Time of delivery is sometimes the deciding factor in securing a contract for 
structural steel. The terms of sale should be very explicit on this, and a shipping 
schedule should be prepared which will make certain the arrival of steel at the 
job in advance of when it will actually be required. 

Fabricated steel is sold subject to satisfactory terms of sale, which will 
depend in part on the arrangement of credit accommodations and specified 
payments to be made by the buyer to the seller. These payments are usually 
made for 85 per cent of the value of the steel erected, as the work progresses, and 
the balance or final should be paid within 30 days after the contract is completed, 
- approved, and accepted. 
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MATERIALS 


CAST IRON 


1. Kinds of Cast Iron.—Cast iron may be considered of several classes 
depending upon the composition and method of manufacture. Falling within 
the general term, there is the so-called gray cast iron and white cast iron; the latter 
is subsequently treated to produce the so-called malleable iron. While the term 
cast iron is not usually applied to the white and malleable irons, it rightfully 
should be under the general definition of this material. 

2. Methods of Manufacture.—Cast iron has its source in the blast furnace 
where the ore is reduced to the metallic iron and cast into pigs, commonly known 
as pig iron. This metallic iron carries with it certain elements which have a 
marked effect upon the physical properties of the material—such elements as 
carbon and sulphur which the iron picks up from the coke with which the ore is 
smelted; silicon which is picked up from the silica present in the ore and ash of the 
coke; and manganese and phosphorus which are present in the ore. All of the 
above elements have some effect upon the physical properties of the material, 
therefore the foundryman is compelled to use discrimination in selecting his 
materials in order to get the properties desired. In view of this it is unwise for 
the engineer to specify the chemical properties of the cast iron. He should limit 
himself to the physical properties, permitting the foundry to supply what best 
meéts the physical need. 

Cast iron may be poured direct from the blast furnace or remelted from pig 
by any one of the following methods: Cupola furnace; air furnace; electric fur- 
nace; open-hearth furnace. Only foundries making a large tonnage of castings, 
and located adjacent to a blast furnace, can satisfactorily use the direct method; 
consequently, as a rule one of the other methods will be in use. The cupola 
furnace, using iron scrap and pig, is common in making gray iron castings and 
also to some extent in making small white and malleable iron castings. The 


air furnace is used to a limited extent only in making iron castings but is generally - 


used in making white and malleable iron castings. The electric furnace is used 
in making both gray and white (and malleable) iron castings, while the open- 
hearth furnace is used only in making white and malleable castings where the 
tonnage is large. 

Very little iron for construction purposes will be melted by any other method 
than in the cupola furnace, and while the air and electric furnaces produce better 
products, the cost is higher and they are therefore not in common use. 


3. Gray Iron.—Gray iron castings made from gray iron, are usually known to | 


the trade as “cast iron.” Gray iron is defined by the American Society for 

Testing Materials as ‘‘Iron containing so much carbon that, as cast, it is not 

usually malleable at any temperature.” Gray cast iron, or properly speaking, 

gray iron castings are produced as above stated, using metal directly from the 
616 
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blast furnace or pig iron, the produce of the blast furnace, and scrap melted in 
the cupola, air or electric furnace. 

Gray cast iron always contains an important percentage of carbon, ranging 
from 1.7 to 4.5 per cent, and an important percentage of silicon. The carbon 
present in gray iron is in two forms, called graphitic carbon and combined carbon, 
and the material is hard or soft depending upon the proportion of these two forms 
of carbon. In other words, the castings are hard when the combined carbon is 
high, and soft when the graphitic carbon is high. The combined carbon is in 
the form of a carbide of iron or alloy of iron and carbon which adds to the strength 
and hardness of the material. The graphitic carbon is graphite in the form of 
thin flakes, leaving a network or skeleton of the alloy surrounding it. 

In general, gray iron may be considered a mass consisting of particles of 
graphite surrounded by a matrix of metallic alloy. The strength of iron is 
greatly affected by the condition of the carbon. The crystals of the graphite are 
brittle and show decided cleavages, hence they cannot be a factor in the strength 
of the iron. Thus by breaking up the continuity of the matrix the graphite 
causes weakness which will vary directly with the quantity. 

The silicon plays an important part in the physical properties of gray iron, 
not directly, but in its effect on the condition of the carbon. The higher the 
silicon, the greater the amount of graphitic carbon, hence the less the amount of 
the combined carbon, and the softer the iron. The foundryman therefore regu- 
lates the physical properties of his material in regulating the amount of silicon 
by the proper mixing of his different irons. 

Sulphur has the opposite effect of silicon and tends to harden the iron by 
increasing the combined carbon. Thus, sulphur is to be avoided in soft irons and 
only plays an important part in the so-called chilled irons, as in car wheels and 
like products where the surface is rendered hard. 

Manganese tends to harden the iron and to offset the effect of the sulphur. 
It is sometimes referred to as a veil for the sulphur so that when high sulphur 
iron only is available some increase in the manganese will offset the difficulty to 
be expected with high sulphur. 

Phosphorus in cast iron is not detrimental in percentages varying from 0.30 
to 0.50 per cent. Where great fluidity is required, the amount may be as high as 
1.00 per cent. 

The above discussion of the effect of the chemical constituents upon the 
physical properties of gray iron is not given with a view of encouraging the engi- 
neer to write his own chemical specifications for what he thinks desirable, but to 
endeavor to show him the futility of such effort. The chemical constituents of 
gray iron should be determined by the foundry metallurgist and the engineer 
should only specify the physical properties he desires. 

The physical properties of gray iron vary between somewhat wide limits 
depending upon the size and dimensions of the casting. The American Society 
for Testing Materials publishes a flexible specification which gives the physical 
properties to be expected in different casting thicknesses. This specification is 
perfectly rational and can be met by any foundryman without imposing upon him 
an undue burden. It is therefore wise to follow these specifications, care being 
taken that the one most recently revised be used. These specifications are 
changed from time to time as the art improves. 
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Gray iron possesses comparatively little strength in tension and no ductility. 
This therefore renders the use of gray iron castings in tension uncertain and they 
should not be so used unless the load is static and unit stress is low. Gray iron 
possesses its greatest value in compression where the ultimate strength is about 
four times that in tension. For construction purposes it is therefore wise to con- 
sider gray iron only in compression. It should be used for column bases, floor 
plates, columns under some conditions, etc. 

4. White Iron.—White cast iron is used only in cases where a chilled surface 
is required to resist abrasion, but when there is no tensile stress or shock. In 
white iron the carbon is all in the combined form, therefore it cannot be machined 
except by grinding. Inserts of white iron ore are sometimes used when there is 
sliding contact. 

5. Malleable Cast Iron.—Malleable cast iron, which is commercially known 
as malleable iron, is defined by the American Society for Testing Materials as 
“Tron, white as cast, which has been made malleable by a heat treatment which 
has converted substantially all of the combined carbon into nodules of graphite.” 
Malleable cast iron is first cast in white iron using the air, cupola, electric or open- 
hearth furnace. Small castings are frequently produced by cupola melting but 
the majority of all castings are produced in the air furnace. After casting as white 
iron (all of the carbon in the combined form), the castings are inspected, after 
which they are packed in boxes with an oxidizing agent, in which they are heated 
for a period of from 5 to 7 days. In this treatment known as annealing, the com- 
bined carbon is changed to the form of graphite, known as temper carbon. At the 
same time the outside surface is decarbonized by the action of the oxidizing agent. 
The form of the graphitic carbon varies from that of gray iron inasmuch as the 
gray iron is in the form of flakes and therefore occupies the greater part of the 
cross-sectional area, while in malleable iron it is in the form of nodules occupying a 
lesser, amount of the cross-sectional area, leaving a greater percentage of the 
matrix effective. Since the carbon is practically all graphitic, the matrix is soft 
and ductile. 

The use of malleable iron is constantly growing and at some future day will 
find an extended use in construction work. It is now used principally for hard- 
ware, concrete insets, hanger straps, etc. It can be used in tension to some extent 
- and for transverse loading. In compression malleable iron has no advantage over 
gray iron and is more expensive. 

Malleable cast iron in tension has a value from 50,000 to 53,000 Ib. per sq. in. 
and an elongation of from 10 to 18 per cent. 

Specifications for malleable iron of the American Society for Testing Materials 
should be used when malleable castings are desired. 

6. Design of Castings.—Care should be taken in the design of castings for 
whatever purposes intended, and sharp corners and angles should be avoided, 
using well rounded corners and large fillets. This is desirable owing to the fact 
that in all metals, upon solidifying, the crystals grow at right angles to the surface. 
This causes weakness along a line bisecting the angle of the surfaces, along which 
failures may occur. 

The section of ribs, ete. should be kept as nearly uniform as possible. A large 
section immediately adjacent to a light section is apt to cause difficulty and 
internal troubles. The engineer should exercise great care and judgment in 
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the design of castings for any purpose whatever, since a little judgment shown at 
such a time will avoid failure which might be destructive to both life and property. 
The defects in castings of all kinds are: (1) blow holes which occur near the 
surface and are usually indicated by surface porosity; (2) contraction cavities 
which are usually found below the surface at the intersection of large and small 
sections (usually referred to by the foundrymen as shrink holes); and (3) scabs, 
which are purely surface defects, and as a rule cause no trouble except where it is 
desired to make connection with some other member without machining. 


WROUGHT IRON 


7. Wrought Iron Defined.— Wrought iron is defined by the American Society 
for Testing Materials as “A ferrous material, aggregated from a solidifying mass 
of pasty particles of highly refined metallic iron, with which, without subsequent 
fusion, is incorporated a minutely and uniformly distributed quantity of slag.” 

8. Method of Manufacture.—Wrought iron is manufactured by the process 
of puddling or by the Aston process. The puddling process consists in the melt- 
ing of pig iron and ore in a furnace and constantly stirring until practically all 
the carbon and other impurities are burned out. This leaves the iron in a plastic 
condition, saturated with slag. The material is gathered into a plastic lump 
and put in a “‘squeezer”’ where much of the slag is squeezed out. The remaining 
material is then rolled into billets known as “ Muck Bar.’”’ Subsequent rollings 
refine the material by further eliminating the slag and it is called single and double 
refined iron, depending upon the number of times rolled. 

In the Aston process, Bessemer pig iron is melted in a cupola and air is blown 
up through openings in the bottom of the cupola, burning out most of the impuri- 
ties. The absorbed gases are driven off by pouring the iron into molten slag which 
is at a temperature below the freezing point of iron. The slag is then removed 
by squeezing the iron. 

9. Structure of Wrought Iron.—The structure of wrought iron is commonly 
called fibrous due to the presence of a considerable amount of slag. This slag is 
found in alternate layers with the iron, which gives the appearance of fibers and 
which is referred to at times as ‘‘woody.”’ The layers of slag serve as a protecting 
covering for the alternate layers of iron, thereby rendering the material somewhat 
immune to corrosive conditions. The carbon content is usually under 0.12 per 
cent and the slag content from 0.6 to 3.0 per cent. 

10. Physical Properties.—The physical properties of wrought iron are fairly 
constant; the tensile strength from 48,000 to 54,000 lb. per sq. in., with the yield 
point about six-tenths of the tensile strength. Both the elongation and reduction 
of area are high, denoting excellent fatigue resisting properties. 

11. Uses of Wrought Iron.—The greatest value of wrought iron is in its 
ability to resist corrosion and is in consequence used for sheets, both plain and 
corrugated, metal lath, pipe, etc. Some wrought iron is used for structural 
shapes. Probably the most important use of wrought iron is in pipe where its 
resistance to corrosion results in long life and good service. Wrought iron can 
be identified by the surface appearance of small hairline checks which represent 
the slag. 

Wrought iron should be purchased under the specifications of the American 
Society for Testing Materials. 
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12. Ingot Iron and Copper Bearing Metal.—In the same general class with 
wrought iron in its resistance to corrosion are the so-called ingot iron and copper 
bearing metal. 

Ingot iron is made in the open-hearth furnace, eliminating as far as possible 
the impurities usually found in steel, thereby obtaining as pure a product as 
possible. It is then cast in ingots and rolled into the form required. Owing to 
certain properties of this material it is hard to handle in forging operation, there- 
fore any forgings required should be carefully made. 

The value of this material lies largely in its capacity to resist corrosion due to 
the low percentage of impurities, and it is furnished in sheets both black and 
galvanized. There are no specifications under which this material is furnished. 
It is usually supplied under various trade names. 

Copper bearing steel takes its name from a small percentage of copper, from 
0.15 to 0.30 per cent. This contributes to its capacity to resist corrosion, prob- 
ably by alloying with the iron. The other constituents are as low as is practical. 
This material is used for sheets for sheathing, metal lath, ete. 


STEEL 


13. In General.—Chemically, steel may be defined as an alloy of iron-carbon 
and other elements being present in varying amounts depending upon the proper- 
ties desired. Where the steel is composed of an alloy of iron and carbon with 
other elements in small quantities, it is customary to refer to such material as 
carbon steel. Where small quantities of other elements (such as nickel, chro- 
mium, vanadium, etc.), are present in addition to the iron and carbon, it is cus- 
tomary to refer to the material as alloy steel. 

Of the elements entering into the composition of steel, some are of value, while 
others are a detriment. The value of the steel is determined largely by these 
elements. Not only should their presence be considered, but the amount of each 
should be accurately determined. They will be taken up in the order in which 
they are usually regarded. 

Carbon.—The general influence of carbon on steel is greater tenacity. It also 
renders the steel harder and stiffer. The tensile strength is increased about 600 to 
800 lb. per sq. in. for each additional point of carbon, while the ductility is 
decreased about 0.5 per cent for each additional point of carbon (see Fig. 1). 
Steel with 0.20 per cent carbon begins to show appreciable hardening when cooled 
quickly, but does not show evidence of brittleness in the normal state, until the 
carbon has reached approximately 0.70 per cent. 

Manganese.—Manganese adds to the toughness of steel and increases the ten- 
sile strength by about 100 lb. per sq. in. for each additional point. The ductility 
is decreased with the addition of manganese. For medium steel the manganese 
is very satisfactory at from 0.40 to 0.60 per cent. Higher or lower manganese 
may be specified for special purposes. Steel with manganese between 2 and 6 
per cent should be avoided, due to increased hardness and a tendency to brittle- 
ness, while steel of over 6 per cent manganese, known as manganese steel, has 
certain definite properties of toughness and strength. 

Phosphorus.—Phosphorus renders steel cold short, or brittle. It is therefore 
to be avoided as much as possible. The lower the phosphorus content, the better. 
Steel should be specified with phosphorus not to exceed 0.04 to 0.06 per cent. 
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Sulphur.—Sulphur has a tendency to render the steel hot short, and is there- 
fore to be avoided in any steel that is to be forged, or otherwise worked hot. The 
sulphur, for good results, should not exceed 0.06 per cent. It is much better to 
keep the sulphur below 0.04 per cent. 

Silicon.—Silicon is generally supposed to render steel cold short. High silicon 
should be avoided in steel for general purposes, and should not exceed 0.20 per 
cent except in castings. 

Nickel.—Nickel in steel has a strengthening effect or tends to increase the 
value statically over the range above considered and in proportion to the amount 
present. Where the nickel content is 3.50 per cent (much of such steel is used) 
and in the annealed condition, its presence tends to increase the elastic limit from 
25 to 50 per cent, depending upon the amount of carbon present. 

Chromium.—Chromium in steel tends to make it intensely hard and give it a 
high elastic limit in the hardened or suddenly cooled state so that it is neither 
deformed permanently nor cracked by extremely violent shocks. It is stated that 
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Fie. 1.—Effect of carbon upon the strength and ductility of carbon steel. 


the hardness imparted by chromium in steel is not accompanied by as much 
brittleness as that induced by carbon. 

14. Methods of Manufacture.—Steel is manufactured by one of several 
methods of which the following are important: 

Bessemer.—Bessemer steel takes its name from the inventor of the process by 
which it is made. The process was patented by Sir Henry Bessemer in 1855 
and, due to the low cost of manufacture, has contributed to the popularity of 
steel perhaps more than any other one factor. The converter which is used is a 
pot shaped vessel receiving the iron in the molten form, either direct from the blast 
furnace or from a cupola. Air is blown through the molten mass, thereby 
oxidizing the silicon, carbon and manganese. The heat of the reaction maintains 
the metal in a fluid condition until conversion is complete. Owing to the inability 
of this method to reduce materially the phosphorus or sulphur, two harmful 
elements, and loss due to some oxidation of the iron itself, it is rapidly being 
replaced by other methods which are more flexible. Bessemer steel may be 
identified by the high sulphur and phosphorus content. 

Open-hearth—Open-hearth steel takes its name from the character of the 
furnace in which it is manufactured. This is a furnace of the regenerative 
type originally introduced by Sir Wm. Siemens. The metal is melted on the 
hearth of the furnace, the hot gases passing over the surface, the heat being 
absorbed through the top of the bath. By a proper use of slags, phosphorus 
and sulphur can be reduced to any reasonable extent. Other conditions can be 
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controlled at will. This method is therefore much in favor and the bulk of the 
steel for structural material is now made by this process. 

Electric—Some steel is now made in the electric furnace and is known as elec- 
tric steel. The steel is melted from cold materials and as such is known as cold 
melt electric; in connection with the Bessemer and open-hearth is known as 
duplex electric. Electric steel is largely alloy steel and has little use in building 
construction unless a high strength is required. 

Crucible-—Crucible steel is produced by adding carbon or some other desired 
alloying element to wrought iron in a crucible of refractory material and supplying 
heat sufficient to melt the iron. It is used for making machine tools, axles and 
shafts. 

15. Carbon Steel.—Carbon steel is defined by the International Association 
for Testing Materials as “‘Steel which owes its distinctive properties chiefly to the 
carbon as distinguished from the other elements which it contains.” It also can 
be defined as an alloy of iron, the carbon varying from 0.10 to 1.50 per cent. 

A large part of the steel used for building construction is of this class and may 
be classified as soft, medium and hard. Soft steel is that with a carbon content of 
0.30 per cent or under; medium steel is that of a carbon content from 0.30 to 0.60 
per cent; and hard steel is that with a carbon content exceeding 0.60 per cent. 
Little steel with a carbon content exceeding 0.60 per cent is used in building 
construction since steels in the higher range of carbon are known as brittle and 
would have little use in an untreated condition. Springs and steels for metal and 
wood-working tools fall in this class. 

Since the greater part of the steel used for building construction is carbon steel, 
the character of each kind should be carefully considered for different purposes. 

Bessemer steel is used for little except rails, structural steel for buildings and 
concrete reinforcement bars, and much discrimination should be shown in regard 
to whether it should be used for any of these purposes. The high phosphorus 
present renders its use inadvisable when there is a condition of dynamic loading, 
so that in structures subject to heavy live load conditions, it should not be con- 
sidered. The specifications of the American Society for Testing Materials pro- 
vide for structural steel for buildings' for both Bessemer and open-hearth steel. 
The engineer should therefore be careful in making his selection to meet the 
need, 

The use of open-hearth steel should be encouraged. Its use is constantly 
increasing and the prediction is freely made that in the course of a few years it 
will entirely replace Bessemer steel except for a few specialized uses. By far 
the greater part of the specifications of the American Society for Testing Materials 
as now written call for open-hearth steel. 

16. Alloy Steel.—Alloy steel is defined by the International Association for 
Testing Materials as “Steel which owes its distinctive properties chiefly to some 
element or elements other than carbon or jointly to such other element and 
carbon,” 

The simplest class of alloy steel is that having one alloying element in addition 
to iron and carbon. The best known of these steels are nickel steel, chromium 
steel, and manganese steel. 


1See Appendix C, 


Sec. 11-17] MATERIALS 623 


Nickel steel has the most extensive use of all alloy steels for any purpose what- 
ever. It is the general prediction that ultimately nickel structural steel will be 
used in practically all important structures. The strength of nickel steel is about 
25 per cent higher than carbon steel for the same elongation and for the same pur- 
pose. Some use has already been made of nickel steel for structures and should 
be considered where physical conditions may limit the size of the members. 
Nickel steel is used in the normal (rolled) condition. The properties are consider- 
ably improved by heating treatment. 

Chromium steel is used when extreme hardness is required. For such mem- 
bers as bearing plates that must resist crushing or wear or similar service, this 
material can be satisfactorily used. Chromium steel can be machined when 
annealed, but must be treated to be effective in use. 

Manganese steel is a casting alloy possessing great resistance to abrasion and 
is used when a casting will apply. It cannot be finished exeept by grinding so 
cannot be used where other machining is necessary. It has found a use for 
switches and frog points, steam shovel bucket points and the lips of grab buckets. 
Its use is growing and the future will see a greatly extended use of this material. 


Bracing placed cround 
channel and nailed top and 
bottom of joist : 


eth 


Fig. 2. Fia. 2A. 


The more highly developed alloy steels of the quarternary group have little 
application to building construction. Among these steels are the chrome-nickel, 
chrome-vanadium, stlico-manganese and others carrying tungsten, molybdenum 
and aluminum. Consideration of these steels with their properties as affected by 
treatment, would be beyond the scope of this work. 

If the reader feels sufficiently interested in the subject, it would be well to 
procure some well-known book on the subject, and study the same carefully, if 
to promote nothing more than an appreciation of this exceedingly important and 
far reaching subject. 

17. Steel Castings.—For building construction, practically all steel castings 
are of carbon steel. This is usually of the medium grade (0.25 to 0.50 per cent) 
along the lower carbon range. While steel castings may be used in tension, such 
use is fraught with some danger and it is safe to consider such for compression or 
transverse loading only—the latter when the probability of contraction cavities 
will occur near the neutral axis or on the compression side. 

The specifications of the American Society for Testing Materials should be 
used when steel castings are to be used. 

The same imperfections that are found in iron castings are common to steel 
castings but in a more pronounced degree. 
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18. Rolled Shapes.—Rolled shapes—viz., beams, channels, angles, plates 
and bars—comprise the large part of steel used in building construction. This in 
a great measure is carbon steel of the soft and medium grades. The handbooks 
of the various steel manufacturers give full tables of the properties ef the various 
sections rolled, also table of safe loads for different classes of loading. These 
tables use a factor of four, or a unit stress of 18,000 to 20,000 lb. The dis- 
criminating designer will consider the elastic limit rather than the ultimate 
strength and select an allowable unit stress that will be sufficient to cover the 
needs. It is manifestly necessary to allow a smaller unit stress where the condi- 
tions of loading are dynamic than where static. The specifications of the 
American Society for Testing Materials for steel for bridges and buildings should 
be used. 

19. Forgings.—When rolled shapes are not available forgings can be made 
to suit the need and should be annealed before used to relieve the strain set up in 
the hammering operation. The specifications of the American Society for 
Testing Materials for carbon-steel and alloy-steel forgings should be used. 

20. Uniform Specifications.—Uniform specifications have been realized in 
recent years through the efforts of the American Society for Testing Materials. 
The specifications of this Society should be used in every case where they apply. 
Time will be saved in drawing up general specifications by using the name, serial 
designation and latest revision of the particular specifications. 

21. Examination of Structural Steel—In the examination of structural steel 
the following flaws should be guarded against: 


Pipes in structural steel appear as a small split, crack or fissure in the sheared or sawed 
end of the section. On sheared heavy sections the dragging may tend to hide it, but the 
practiced eye will detect the lip. In most sections the pipe in itself is not a dangerous 
defect as it is found in the center of the web, where the stresses are small or neutral, but 
presence of pipe indicates insufficient discard from the top of the ingot. This means that 
segregated, poor material is very apt to be present. 

Scabs need very little description and are easily detected. They are not a dangerous 
defect but often interfere with fabrication and prevent the workmanlike finish desired. 
Scabs are the result of splashes on the side of the mold during the process of pouring. 

Rooks are often mistaken for scabs as they draw out in the process of rolling. They are 
the result of transverse cracks formed by too heavy reduction in the early stages of rolling. 
They may be very deep and dangerous so should be carefully discarded. 

Laps formed by rolling, an over-fill from the previous pass, are not generally dangerous 
unless they are unusually deep. Seams result from the drawing out of surface blow holes 
or other minor defects. They are not dangerous where the material is not to be forged 
or heat treated, but they, like laps, are unsightly and prevent workmanlike finish. 

Guide marks and roll scratches are often taken for laps or seams. A bending test or 
pickling will generally reveal the true nature of such a defect. 


22. Metal Lumber or Structural Pressed Steel.—Steel joists and metal 
lumber are synonymous terms for structural sections cold rolled from strip or 
sheet steel and assembled by electric spot welding or by riveting into shapes 
similar to structural I-beams and channels except that there are additional return 
flanges formed at right angles to the top and bottom flanges at their outer edges 
to further stiffen the member. These shapes are made up to 12 in. in depth. 

There are two distinct types of sections now on the market known as plate 
girder and double channel section. In the plate girder section the web is made 
from a single thickness of heavy gage strip steel to which are welded four angles 
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to form a shape similar to a structural plate girder. The double channel section 
is formed from two uniform channels welded back to back. 

The loading tables of all sections are standardized so that either section will 
support the same load over the same span for any given depth of joist. As the 
plate girder section has less metal at the neutral axis and approximately the same 
as the double channel section at the flanges, the former section weighs a trifle 
less per linear foot than the latter. The properties of these sections are calcu- 
lated on the basis of the commonly accepted formulas for structural steel shapes. 

When the sections are used as floor joists, they are placed not more than 24 in. 
apart on centers, being supported at the ends by masonry, concrete or structural 
steel. Usually they are bridged at intervals by tension bridging. On top of the 
joists, and attached firmly to them, is an expanded mesh usually of a ribbed 
type of such strength and mesh design that a dry concrete mix can be poured on 
top to form a solid slab without undue sag of the metal, and without undue loss of 
the essential concrete ingredients. This mesh acts as form and centering, and 
eliminates the usual form work required for concrete. 

When a wood finish floor is desired, nailing screeds are attached to the joists 
parallel to them and over the center of the joist section. The wood floor is nailed 
directly to the screeds. This eliminates the necessity of a double wood flooring. 
Underneath the joists, either attached directly thereto or suspended from them, is 
placed a steel mesh to form the base for a plastered ceiling. 

When steel joists or channels are used as studs in partition construction, they 
are attached at the top and bottom to cap and sill channels by means of bolts. 
An expanded metal lath is then attached to both sides of the studs and plastered. 
While steel joist stud partitions are excellent from the standpoint of resistance to 
fire and sound, and make a very light construction, they are not economical when 
used as bearing partitions. 

Steel joist construction was first used in 1853 but did not come into general 
use until about 1905. 

The advantages claimed for the construction are: economy of materials, due 
to the elimination of heavy floor dead loads and the resultant saving in size and 
strength of supporting members; economy of labor, due to the elimination of 
field fabrication, as all sections come from the shops fully fabricated; and the 
economy of materials due to the elimination of form work. 

The construction is classed as fire-resistive because there are no combustible 
materials in it and the sections themselves, having no internal stress, need not be 
fireproofed as heavily as ordinary hot rolled structural shapes, and because the 
application of the materials is limited by the economical spans and loads to such 
types of buildings as are usually classified as “light occupancy” structures in 
which the fire hazard is small. 

The construction is claimed to be permanent when used under normal condi- 
tions in floor or partition construction. There is no material that is proof 
against accidents, and yet there are no cases on record of failure of steel joists 
even under accidental loads. The steel is not subjected to conditions which 
would cause it to oxidize. As the steel itself is highly resistant to oxidation, due 
to its chemical and physical properties, and is thoroughly painted, examination 
of sections after fifteen to twenty years of use has proven the permanency of the 
construction. 
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The construction is claimed to be soundproof because of the fact that sound 
is transmitted most readily through substances of the same density, and mate- 
rials comprising a steel joist floor have widely differing densities. 

Some of the other advantages claimed for steel joist construction are: speed 
of construction, regardless of weather conditions; reliability because of the 
elimination of unknown factors; simplicity of design, which is an advantage to 
architects and engineers, both from the standpoint of the details of construction 
as well as from the standpoint of inspection and supervision, and is an advantage 
to both architects and contractors in providing a construction as simple as wood, 
and yet not having the disadvantages of warping, shrinking, sagging, combus- 
tibility and decay. Steel joists of the same or less depth of member also provide 
greater strength for longer spans than wood. 


TIMBER 


23. Names.—The following is a list of common names as applied to wood in 
commerce: 

Ash (white, black, blue, green and red ash); basswood (linden, linn, lind or 
lime-tree) ; beech (red and white beech); birch (red, white, yellow and black birch); 
buckeye (wood from the horse-chestnut tree); butternut (butternut also known as 
white walnut); cherry (sweet, sour, red, black and wild cherry); chestnut; cotton- 
wood; cypress (bald cypress, red, gulf, yellow and East Coast cypress); elm, soft 
(white, water, gray, red or slippery and winged elm); elm, rock (rock or cork elm); 
Douglas fir (yellow, red, Western, Washington, Oregon, Puget Sound fir or pine, 
West Coast fir); gum (red gum, sweet gum or satin walnut); black gum; hemlock 
(Eastern hemlock, 7.e., from all states east of and including Minnesota); Western 
hemlock (hemlock from the Pacific Coast) ; hickory (shellbark, kingnut, mockernut, 
pignut, black, shagbark and bitternut); Western larch (larch or tamarack from 
the Rocky Mountain and Pacific Coast regions); maple, soft (soft and white 
maple); maple, hard (hard, red, rock and sugar maple); white oak (white, burr or 
mossy cup, rock, post or iron, overcup, swamp, post, live, chestnut or tan bark, 
yellow and basket or cow oak); red oak (red, pin, black, water, willow, Spanish, 
scarlet, Turkey, black jack or barn, and shingle or laurel oak); pecan; Southern 
pine (all pines of the Southern States manufactured into lumber, including long- 
leaf, shortleaf, loblolly and Cuban pine;! white pine (wood from tree of that name 
grown in Maine, Michigan, Wisconsin, Minnesota and Canada); Norway pine 
(Norway or red pine grown in Michigan, Wisconsin, Minnesota and Canada); 
Idaho white pine (varieties of white pine grown in Western Montana, Northern 
Idaho and Eastern Washington) ; Western pine (timber known as white pine grown 
in Arizona, California, New Mexico, Colorado, Oregon and Washington; some- 
times known as Western yellow or ponderosa pine, or California white pine or 
Western white pine); poplar (wood from the tulip tree, otherwise known as white- 
wood, yellow poplar and canary wood) ; redwood; spruce (spruce timber from points 
east of and including Minnesota and Canada, covering white, red and black 
spruce); Western spruce (spruce timber from the Pacific Coast); sycamore; 
tamarack (tamarack or Eastern tamarack, grown in states east of and including 
Minnesota) ; twpelo (tupelo gum and bay poplar); walnut (black walnut). 


1 See p. 652 for definitions of ‘‘dense’’ and ‘‘ close-grained’’ pine, 
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These names have been adopted by the Master Car Builders’ Association, 
and in part by the American Railway Engineering Association and the American 
Society for Testing Materials, as far as they refer to woods used for structural 
purposes, 

24. Definitions.—In describing timbers, various terms having special applica- 
tion are used. The following are some of the more important ones: 

Axis.—The line connecting the centers of successive cross-sections of a stick. 

Corner.—The line of intersection of the planes of two adjacent longitudinal 
surfaces. 

Cross-section—A section of a stick at right angles to the axis. 

Edge.—Kither of the two narrower longitudinal surfaces of a stick. 

Face.—The surface of a stick which is exposed to view in the finished structure. 

Full Length.—Long enough to “‘square” up to the length specified in the order. 

Girth.—The perimeter of a cross-section. 

Heartwood.—The older and central part of a log, usually darker in color 
than sapwood. It appears in strong contrast to the sapwood in some species, 
while in others it is but slightly different in color. 

Out of Wind.—Having the longitudinal surface plane. 

Side.—Either of the two wider longitudinal surfaces of a stick. 

Solid.—Without cavities; free from loose heart, wind shakes, bad checks, 
splits or breaks, loose slivers and worm or insect holes. 

Sound.—Free from decay. 

Springwood.—The inner part of the annual ring formed in the earlier part of 
the season, not necessarily in the spring, and often containing vessels or pores. 

Square-cornered.—Free from wane. 

Straight.—Having a straight line of an axis. 

Summerwood.—The outer part of the annual ring formed later in the season, 
not necessarily in the summer, being usually dense in structure and without 
conspicuous pores. 

True.—Of uniform cross-section. Defects are caused by wavy or jagged 
sawing or consist of trapezoidal instead of rectangular cross-sections. 

25. Hardwoods and Soft Woods.—These terms are applied commercially 
to signify a more or less artificial classification. Hardwoods usually are broad-leaf 
trees such as oak, maple, hickory, chestnut, beech, etc. Soft woods include pines, 
fir, cedar, spruce, etc. Note that the terms hard and soft do not specifically 
refer to actual hardness. 

26. Grain.—A term used in reference to the arrangement or direction of the 
wood elements and to the relative width of the growth rings. The kinds of grain 
commonly described are fine, coarse, even, uneven, rough, smooth, straight, 
spiral, twisted, wavy, etc. Coarse grain means with wide rings; fine grain, 
narrow rings. Straight grain applies to boards or timber in which the wood 
elements are parallel to the axis. 

27. Non-porous Woods.—Non-porous applied to woods of fairly uniform 
structure, in which no large vessels are visible even with a magnifying lens, 
includes ‘pines and other coniferous woods. Diffuse porous applies to woods in 
which large vessels are distinctly visible scattered throughout the annual ring. 
This includes such woods as birch, maple, tupelo, cottonwood, etc. 
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28. Ring Porous Woods.—Ring porous is applied to woods in which large 
vessels are localized in distinct rings or bands in the early spring wood; includes 
such woods as oak, chestnut, elm, mulberry, ash, etc. 

29. Defects.—The term defect or blemish as applied to wood usually implies 
the idea of imperfections. These are not always detrimental. They include 
knots, holes, checks, shakes, etc. The following is a list adopted by the American 
Railway Engineering Association: 


29a. Knots.—A knot is the hard mass of wood formed in a trunk of a tree at a 
branch, with the grain distinct and separate from the grain of the trunk. 

Knots shall be classified according to size, form and quality. 

The average of the maximum and minimum diameters shall be used in measuring the 
size of knots unless otherwise stated. 

In all grades of material all knots should be sound and tight unless otherwise specified. 

Pin Knot.—One not over 34 in. in diameter. 

Small Knot.—One between 34 and 34 in. in diameter. 

Standard Knot.—One between 34 and 114 in. in diameter. 

Large Knot.—One not over 11% in. in diameter. 

Round Knot.—One whose maximum diameter is not over one and one-half times as great 
as its minimum diameter. 

Oval Knot.—One having its maximum diameter one and one-half to three times as great 
as its minimum diameter. 

Spike Knot.—One sawed in a lengthwise direction whose maximum diameter is over 
three times as great as its minimum diameter. 

Sound Knot.—One which is solid across its face, and is as hard as the wood surrounding 
it and shows no indications of decay. 

Unsound or Rotten Knot.—One not as hard as the wood surrounding it or one in which 
decay has started. 

Tight Knot.—One so fixed by growth or position that it will firmly retain its place in the 
piece. 

Loose Knot.—One not held firmly in place by growth or position. 

Live Knot.—One whose growth rings are completely intergrown with those of the 
surrounding wood. 

Encased Knot.—One whose growth rings are not intergrown and homogeneous with the 
growth rings of the surrounding wood. The encasement may be partial or complete. 

Watertight Knot.—One whose growth rings are completely intergrown with those of the 
surrounding wood on one face of the piece, and which is sound on that face. 

Pith Knot.—Sound knot except that it has a pith hole in the central growth ring. The 
hole rarely exceeds }4 in. in diameter. 

29b. Holes.—Holes in wood may extend partially or entirely through the piece. 
They are enumerated as knot, dog, picaroon, bird, insect (including pin, shot, spot, grub 
worms, etc.), metal and wooden rafting pin holes, through pitch pockets and the like. 

When holes are permitted, the average of the maximum and minimum diameters at 
right angles to the direction of the hole shall be used in measuring the size, unless otherwise 
stated. 

Wooden rafting pinholes sometimes appear on river timber which has been rafted when 
holes have been bored in the solid wood for securing the timber, and a solid plug or pin * 
driven in the hole, completely filling it. These defects must be treated and considered the 
same as knot defects. Ordinary metal rafting pin, canthook or chain dog-hole is not 
considered a defect. : 

Grub worm holes are usually from about 1¢ to 34¢ in. in width, and vary in length from 
about 1 to 14% in. and are caused by grubs working in the wood. 

Pin worm holes are very small holes caused by minute insects or worms. These holes 
are usually not over 144 in. in diameter. The wood surrounding them is sound and does 
not show any evidence of the worm hole having any effect on the wood other than the 
opening. 

Spot worm defects (also known as flagworm defects) are caused, like pinworm holes, by 
minute insects or worms working on the timber during the growth. ‘The size of the hole 
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is about the same as pinworm holes, but the surrounding wood shows a colored spot as evi- 
dence of the blemish. This spot is usually sound and does not affect the strength of the 
piece. 

29c. Checks.—A check is a separation of the wood cells along a radial plane of 
the tree due to unequal shrinkage during seasoning. 

Surface check is a shallow check occurring on the surface of a piece. 

End check is one occurring on an end of a piece. 

Through check is one extending from one surface through the piece to the opposite face 
or to an adjoining face. 

Heart check is one starting at the pith and extending toward but not to the surface of a 
log and is not necessarily due to seasoning. 

Star check is the combination of several heart checks occurring together. 

Honeycombing is checking occurring in the interior of a piece; often the checks are not 
visible on the surface. On a cross-section they usually appear as slits, or as open pockets 
whose width may appear very large in proportion to the radial length. 

Ordinary season checks such as occur in lumber properly covered in yard, or season checks 
of equal size in kiln-dried lumber, shall not be considered defects. 

29d. Shakes and Splits——A shake is a cylindrical separation of the wood, fol- 
lowing in general the annual layers (rings) of growth. Thus any shake is a ring shake. 

Round shake is one completely encircling the pith. 

Cup shake is one that does not completely encircle the pith. 

Through shake is one extending from one surface through the piece to the opposite face 
or to an adjoining face. 

Pitch Shake.—A clearly defined seam or opening between the grain of the wood which 
may or may not be filled with granulated pitch. 

Split is a lengthwise separation of the wood due to tearing apart of the wood cells in 
rough handling, felling the tree or similar causes. It may run in any direction across the 
end of a piece. 

Pith is the small soft core occurring in the center growth ring of alog. In some woods 
it is large enough to mar the surface of the piece on which it appears. The wood immedi- 
ately surrounding the pith often contains small checks, shakes or numerous pin knots and 
is often discolored; any such combination of defects and blemishes is known as heart center. 

29e. Pitch Pockets.—A pitch pocket is a well-defined opening between the 
annual layers of growth, usually containing more or less pitch, either solid or liquid. Bark 
may also be present in the pocket. On an edge-grain surface pitch pockets appear as nar- 
row open seams, and on flat grain surface they vary in appearance from narrow open seams 
to oval cavities sometimes called scab pitch pockets. On either surface they are known as 
very small, small, medium or large, depending upon their size. 

Very Small Pitch Pockets.—One not over } in. in width and not over 2 in. in length. 

Small Pitch Pocket—One whose maximum width may vary from 14 to 14 in. provided 
a maximum limit of length of 4 in. decreases to 2 in. proportionately as the width increases. 

Medium Pitch Pocket—One whose maximum width may vary from )¥ to 34 in. provided 
a maximum limit of length of 9 in. decreases to 3 in. proportionately as the width increases. 

Large Pitch Pocket.—One whose width or length exceeds the sizes stated as permissible 
for a medium pitch pocket. 

Bark pocket is a patch of bark partially or wholly enclosed in the wood. It may result 
from wood and bark forming over a place where the tree has been injured. As a defect it is 
measured in the same manner as a pitch pocket. 

29f. Streaks and Discolorations. Pitch Streak.—A well-defined and con- 
spicuous accumulation of pitch in the wood cells. It is usually not considered an impor- 
tant blemish unless both springwood and summerwood appear saturated. They are known 
as small, medium or large, depending upon their size with respect to the piece they are in. 

Small Pitch Streak.—One whose area does not exceed the product of one-twelfth the 
width by one-sixth the length of the face on which it occurs. 

Medium Pitch Streak.—One whose area does not exceed the product of one-sixth the 
width by one-third the length of the face on which it occurs. 

Large Pitch Streak—One whose area exceeds the product of one-sixth the width by one- 
third the length of the face on which it occurs. 
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Pith fleck is a narrow streak, usually brownish, up to several inches in length on the face 
of a piece resulting from the larva of an insect having burrowed in the growing tissue or 
cells of the tree. 

Bird peck is a small hole or patch of distorted grain resulting from birds pecking through 
the growing cells in the tree. It usually resembles a carpet tack in shape with the point 
towards the bark and it is usually accompanied by a discoloration extending along the 
grain and usually to a smaller extent around the layers of growth. A section through the 
discoloration produced by the bird peck produces what is commonly known as mineral streak. 

Gum spot or streak is an accumulation of gum-like substance occurring as a small patch 
or streak in the piece. It may occur in conjunction with a bird peck or other injuries to the 
growing wood. 

Discolorations on or in lumber are enumerated as weather, sticker, water or fungus 
(such as blue stain, etc.) stain, brown stain, kiln burn and similar color changes due to a 
combination of temperature, moisture, chemicals, ete. Discoloration may follow insect 
attack, bird peck, etc. Well-defined discolorations are known as light, medium and heavy. 

Light discoloration is paler than the medium discoloration and occurs in approximately 
one-fourth of the stained stock. / 

Medium discoloration is a shade most commonly found and which occurs in approxi- 
mately one-half of the stained stock. 

Heavy discoloration is darker than the medium discoloration and occurs in approximately 
one-fourth of the stained stock. 

Decay is disintegration of the wood substance due to the action of certain kinds of fungi. 
A few of the rot-producing fungi which start in the standing tree do not seem to seriously 
develop after the tree is cut into lumber. 

Red heart of the pines, spruces, Douglas fir and some other conifers, and peck of cypress 
and incense cedar are produced by fungi of this type. Decay may be classified as incipient 
and advanced decay. 

Incipient decay is the early stages of decay, usually detected by a discoloration of the 
wood which seems to be firm and solid. 

Advanced decay or rot is noticeable as a decided softening or breaking down of the wood. 

Water stain, or what are sometimes called scalded or burnt spots, usually caused by 
timber lying in the water under certain conditions before it is sawed, and burnt spots where 
timber is improperly piled while green, are not considered defects, as they do not affect the 
strength of the piece. 

“ Sap.’ —Sapwood is the alburnum of the tree, the exterior part of the wood next to the 
bark. Sapwood is not considered a defect except where lasting power is involved. 

Sound Heart.—The term ‘‘sound heart’’ is used whenever that part of the piece which 
was originally the central part or core of the tree is sound and solid, not decayed. 

299. Grain.—Cross grained wood is that in which the wood cells or fibers do not 
run parallel with the axis or sides of a piece. It may be classified as spiral, diagonal, wavy, 
dip, curly and interlocked grain. The slope of the grain can be determined by observing 
the direction of surface checks, resin ducts, pores of the wood, annual layers of growth, etc. 
A drop of stained liquid such as ink tends to elongate in the direction of the grain when 
placed on a smooth surface of the piece. 

Spiral grained wood is that in which the fibers take a more or less winding or spiral course, 
such as occurs in a twisted tree. It may be detected on the flat grain (plain sawed or 
tangential) surface. 

Diagonal grained wood is that in which the fibers extend at an angle (i.e., diagonally) 
across a piece as a result of sawing at an angle across the annual layers of growth. It may 
appear on either the radial or tangential surface. 

Wavy grained wood is that in which the fibers take the form of waves or undulations as 
indicated by the wavy surface of the split piece. It may appear on either the radial or 
tangential surface. 

Dip grained wood is that which has one wave or undulation of the fibers such as occurs 
around knots, pitch pockets, ete. 

Curly grained wood is that in which the fibers are distorted so that they take a curled 
direction as in ‘‘birdseye wood.’’ These patches may vary up to several inches in diameter. 
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Interlocked grain is wood that shows spiral grain in one direction for a number of years 
and then the slope of the grain in the succeeding annual layers of growth turns in a reverse 
direction around the tree, then later reverses back, etc. 

29h. Distortions and Crooks.—Cross break is a separation of the wood cells 
across the grain. It may be due to tension resulting from unequal longitudinal shrinkage 
or mechanical stresses. 

Compression failure is a wrinkling or buckling of the wood cells extending in a more or 
less irregular plane across the grain. It is due to longitudinal crushing or compression. 

Collapse is a caving in of the surface of a piece. It sometimes occurs in streaks giving 
the surface a corrugated appearance and is often due to the flattening of the cells when dry- 
ing wet wood at high temperatures. 

Warping is any variation from a true or plane surface. It includes crook, bow, twist or 
any combination of these. 

Crook is a deviation edgewise from a straight line drawn from end to end of a piece and 
is measured at the point of greatest departure from a straight line. It is known as slight, 
small, medium and large. Unless otherwise specified, the different degrees of crook based 
on a piece 4 in. wide and 16 ft. long shall be as follows. 

Slight crook, a departure of 1 in. 

Small crook, a departure of 11% in. 

Medium crook, a departure of 2 in. 

Large crook, a departure of over 2 in. 

For wider pieces it shall be }¢ in. less for each additional 2 in. of width. 

Shorter or longer pieces shall have the same limits for curvature. 

Bow is a deviation flatwise from a straight line drawn from end to end of a piece meas- 
ured at the point of greatest distance from a straight line. 

Cupping is the curvature of a piece across the grain or width of a piece. 

Twisting is the turning or winding of the edges of a piece so that four corners of any face 
are no longer in the same plane (7.e., it is the twisting of an edge around the axis of the piece). 

Wane is bark or the lack of wood, from any cause, on the edge of a piece. 


30. Defects of Manufacture, Applicable to All Timber and Lumber.— Defects 
in rough stock caused by improper manufacture and drying will reduce grade, 
unless they can be removed in dressing such stock to standard sizes. 

In structural timber defects of manufacture have usually been omitted, being 
of minor significance. 

Imperfect manufacture in dressed stock, such as torn grain, loosened grain, 
slight skips in dressing, wane, broken knots, mismatched, insufficient tongue or 
groove for flooring, ceiling, drop siding, etc., shall be considered defects, and will 
reduce the grade according as they are slight or serious in their effects on the 
use of the stock. 

Torn grain consists of a part of the wood having been torn out in dressing. 
It occurs around knots and curly places and is of four distinct characters: slight, 
medium, heavy and deep. Slight torn grain shall not exceed 14 in. in depth; 
medium %, and heavy in. Any torn grain heavier than } in. shall be 
termed deep. 

Loosened grain consists in a point of one grain being torn loose from the next 
grain. It occurs on the heart side of the piece and is a serious defect, especially 
in flooring. 

Chipped grain consists in a part of the surface being chipped or broken out in 
small particles below the line of cut and, as usually found, should not be classed 
as torn grain, and shall be considered a defect only when it unfits the piece for 
use intended, 
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Pieces of flooring, drop siding or partition with 3/, in. or more of tongue; 
and pieces of ceiling with 1g in. or more of tongue; oe pieces of ship lap with 
54 in. of lap will be admitted to any grade. 

Pieces of flooring, drop siding, ceiling or partition having not less than 14 ¢-in. 
tongue will be admitted in No. 2 common. Pieces of ship lap having less than 
5/,-in. and not less than 14-in. lap shall be admitted in No. 2 common. be! 

31. Weight of Wood.—Wood varies in weight depending upon the kind of 
tree that it is cut from and the location in the tree. Weight also depends largely 
on the amount of water contained. Green wood will contain from 50 to 75 
per cent water, air-dry wood from 10 to 20 per cent. The absolute weight of 
dry wood substance is 99.888 lb. per cu. ft. (specific gravity 1.6). The outer or 
sapwood is usually heavier than the inner heart or heartwood. In the same way 
the wood near the base of the tree is usually heavier than that near the top. 
Wood from trees of the same species will vary considerably in weight. 

The following table gives shipping weights of lumber in pounds per thousand 
feet board measure: 


TaBLE 1.—SuHippinc WEIGHTS OF LUMBER 
(Pounds per thousand feet board measufe) 


Green | Shipping} Well | Kiln 
from saw dry seasoned | dried 
aT Ae esc, G27 acto acca tas ote ale a oe eee 3,200 | 3,000 
TN SA CU: PRR Me yen re EWES ey once hap ch Se 2600 0 [is awe 3,800 3,300 
Besewtod.. oes ee 4,200 | 2,800 | 2,500 | 2,100 
SRORU entree ore cunts oe ere het She me eee OSTOU" Ke eee 4,000° | Rae: 
PION are tra a eae cee eae eh eee ere et: ce 1 OR i ks #000 "i. ease 
EVTUCORTU Se ehon ants © Maietehaka ee Ven ae SOU0" sas 2; 500" lye aes 
NP DGRUN UG yee fargthA, cca eee serovars is eos SOOO eee 2,800 2,450 
ChSie aie 6 Her Ges bata ONS el ee ee (eee ss oe 
COontonwOOdiansbi einen rm eiyene rosie ts 4,600 3,100 2,800 2,400 
Uae OO Ieee cna te. cane talent Ce aR oak 5,400 4,300 4,000 3,500 
END se HOLtccomrs se tts ws a oie ttan aise see ees 4,750 3,300 3,100 2,900 
CONV Fa Paa enatieg ieee Uh Ms ast 2 5,400 3,600 3,300 3,050 
LE lang? ole Gee Sea en Maer hice. 5,000 3,300 3,000 2,750 
RITOMOLY S siarcnissetarciret tana cierto tetas oR ERY CG QU0R IM ms oe ah OOO Seamer 
IIS OLTIY siete te ecaa octet eit tele aan eee MOU unre S000! | ee te 
Maples bard. £5. sceee be nse ck Ree ee 5,400 4,150 3,900 3,400 
Maples. soit; fcc a eathh, Uhten tebe ee ate 5,000 3,650 8,300 3,000 
Oaks Peden katona hina ey as RRR 5,500 4,250 4,000 3,400 
Oskewhiter:? syesti eth ene cas Bees 5,700 4,500 4,100 3,600 
POD ISP aac Reni is boeken ee 3,900 3,000 2,800 2,400 
Poplar bay, (lupelo) Acne. ecient re 42000.) © oe. 3,000 
DBYCAIMIOLOSA ie ose aula in a tas one AOU Mane aie es 3,000 
Wee lnut ss. a cous 6.0% Gananiohte ec coker Gaerne 4,900 4,000 3,800 


32. Hardness.—Hardness refers both to resistance to abrasion or wear and 
resistance to indentation. According to Record hardness combined with tough- 
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ness is a measure of the wearing ability of wood when referring to abrasion and is 
an important consideration for the use of wood for floors, paving blocks, bearings 
and rollers. In use for floors some woods tend to compact and wear smooth, 
while others become splintery and rough. This factor is affected to some extent 
by the manner in which the wood is sawed; thus edge grain cypress, pine and fir 
flooring is much better than flat sawn for uniformity of wear. The following list 
gives woods in the order of hardness: Osage orange, honey locust, swamp white 
oak, white oak, post oak, black oak, red oak, white ash, beech, sugar maple, rock 
elm, hackberry, slippery elm, yellow birch, tupelo, red maple, sycamore, black 
ash, longleaf pine, white elm, Douglas fir, cypress, hemlock, tamarack, red pine, 
white fir, Western yellow pine, lodgepole pine, white pine, Engelmann spruce, 
Alpine fir and basswood. 

33. Cleavability.—This is a term used with reference to the splitting qualities 
of woods. A general classification is as follows: 

Difficult to split: black gum, elm, sycamore, dogwood, beech, holly, maple, 
birch, and hornbeam. 

Medium: oak, ash, larch, cottonwood, linden, yellow poplar and hickory. 

Easy to split: chestnut, pines, spruce, fir and cedar. 

34. Calorific Value.—The heat or fuel value of wood depends on its weight 
and moisture content. According to Schenck one cord of green wood contains 
250 gal. of water; wood with 45 per cent moisture gives only 50 per cent as 
much heat as dry wood; rosin increases the heating power by about 12 per cent. 
According to Roth, 100 lb. of wood as sold in wood yards contains 25 lb. of water, 
74 lb. of dry wood and 1 lb. of ashes; 100 lb. of green wood (50 per cent moisture) 
will give 270,000 B.t.u., 100 Ib. air-dry wood (10 per cent moisture) about 580,000 
B.t.u. and 100 Ib. kiln-dry wood (2 per cent moisture) 630,000 B.t.u. In rating 
woods for fuel value they have been listed as follows: Best, hickory, beech, 
hornbeam, locust and heart pine; good, oak, ash, birch and maple; moderate, 
spruce, fir, chestnut, hemlock and sap pine; poor, white pine, alder, linden and 
cottonwood. 

35. Strength.—‘‘The term strength in a strict sense means ability to resist 
stress or force of one kind, as strength in bending, strength in compression, etc. 
However, strength as applied to wood may have a variety of meanings, depending 
on the use in mind for the wood. In speaking of the strength of columns or 
posts in buildings, strength in compression is generally meant. In the case of 
beams, bending strength is thought of. In wood for axe handles, the toughness 
or shock-resisting ability and hardness are generally included in the term strength. 
It is evident that strength may include several properties or a single property, 
according to the use in mind, and that in comparing woods the property or 
properties must be specified for a clear understanding. Tests to determine the 
mechanical properties of wood, such as bending tests, compression tests, shearing 
tests, hardness tests, etc., to be strictly comparable must be made on straight- 
grained pieces free from defects, such as knots, shakes, etc., and in the same condi- 
tion of seasoning. It would manifestly be misleading to compare the strength 
of oak containing defects with clear hemlock, or the strength of green ash with 


dry birch.”? 


1 From ‘Timber, Its Strength, Seasoning and Grading”’ by H. 8. Brrvrs. 


/ 
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Wood cut from individual trees of the same species will vary considerably in 
strength, in view of the fact that trees are natural products. There is, therefore, 
no absolute strength value for any kind of wood. This should be clearly remem- 
bered in using tables of strength value. The latter represents average strength 
as obtained from tests of a large number of pieces from different trees. Results 
of strength tests by various authorities will frequently differ because different 
numbers of pieces have been tested, often from trees grown in different localities. 
The strength values given in Table 2 are the result of the collected timber test 
data of the United States Forest Service amounting to about 130,000 tests. 
Working stresses permissible for structural timbers are given in Table 1 on p. 632. 

Moisture has a very material effect on the strength of wood. Above 35 
per cent there is no change in strength, while if the moisture is reduced below 
this point the strength increases rapidly. The increased strength is more 
obvious for small pieces than for larger pieces. 

The denser or heavier the wood the stronger it is. Sapwood is as strong as 
heart wood. 

The strength of timber is materially affected by the kind, number and position 
of defects. This is more marked in larger than in smaller pieces. 

The following quotation is taken from ‘‘Timber, Its Strength, Seasoning and 
Grading” by H. 8. Betts: 


(1) The density or dry weight of wood is a measure of its strength. 

(2) Each annual growth ring is made up of a comparatively heavy band of summerwood 
and a lighter band of springwood. The greater the proportion of summerwood, the greater 
the weight and strength of the timber. 

(3) No differences in mechanical properties due to a change from sap to heart have 
been found. As a general rule, in species which show a variation in the mechanical prop- 
erties with position in cross-sections, there is a certain age when the best wood is produced. 
In such species the age and thrift of the tree determine whether heart or sap is the better. 
For example, in a young, thrifty hickory the sapwood is usually the better, while in a large, 
over-mature tree of the same species the heartwood is the better. 

(4) Exceedingly rapid or slow growth in conifers has usually been found to be attended 
by lack of density and inferior mechanical properties. 

(5) The effect of location of growth on the nature of the timber is very complex. Varia- 
tions attributed to difference in locality of growth are frequently exaggerated. These 
variations are generally apparent in the difference in density of the wood. 

(6) Trees growing close together and apparently under the same conditions occasionally 
show a difference in their mechanical properties that cannot be entirely accounted for by 
the difference in density. Whether this difference is due to the ancestry of the tree or some 
other cause, such as soil gonditions, is not yet known. 

(7) The strength of small, clear pieces is greatly increased by seasoning. In large tim- 
bers, the increased strength attending a loss of moisture is mostly offset by checks and other 
defects developed during the seasoning process, and therefore, under most conditions it 
is not considered advisable to anticipate any added strength due to seasoning. 


The following definitions are taken from Bull. 556, United States Department 
of Agriculture, Mechanical Properties of Woods Grown in the United States, by 
J. A. Newlin: 


Air-dry.—Air-dry is the condition with respect to moisture in wood exposed to the air 
for a sufficient period of time so that the moisture becomes more or less constant. This 
varies from 6 to 30 per cent, depending upon the timber. 

Kiln-dry.—The condition of wood dried in a dry-kiln; moisture of kiln-dry wood 6 per 
cent or less. 
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Elastic Limit.—The elastic limit is that point where the distortion ceases to be in propor- 
tion to the load. A timber stressed beyond the elastic limit will not resume its original form 
immediately upon the removal of the load. 

Elasticity —Elasticity is the property of changing form with the application of force and 
recovery at once upon release from the force. 

Fiber Stress at Elastic Limit—VFiber stress at elastic limit is the stress obtained in the 
timber by loading it to its elastic limit. It is the greatest stress that timber will take under 
a given loading and immediately return to its former position. 

Green.—Green is the condition of timber as taken from the living tree. 

Modulus of Elasticity—Modulus of elasticity is a measure of the stiffness and rigidity 
of a material. In the case of a beam modulus of elasticity is a measure of its resistance to 
deflection. Modulus of elasticity is of value in computing the deflection of joists, beams, 
stringers, etc., and in computing safe loads for columns. 

Modulus of Rupture-—Modulus of rupture is the computed fiber stress in the outermost 
fibers of a beam at the maximum load and is a measure of the ability of a beam to support a 
slowly applied load for a very short time. Modulus of rupture should always be considered 
in the strength of beams to be used as stringers, floor joists, etc. 

Shear.—Shear is the name of the stress which tends to keep two adjoining planes or sur- 
faces of a body from sliding, one on the other, under the influence of two equal and parallel 
forces acting in opposite directions. 


36. Strength of Treated Wood.'—The results of timber tests made by the 
Forest Service and others on the effect of preservative treatments of timber 
warrant the following conclusions: 

(1) Timber may be very materially weakened by preservative processes. 
(Attention is called to the fact that this weakening will occur only where timber 
is subjected to excessive temperatures during treatment.) 

(2) Creosote in itself does not appear to weaken timber. 

(3) A preservative process which will seriously injure one timber may have 
little or no effect on the strength of another. 

(4) A comparison of the effect of a preservative process on the strength of 
different species should not be made, unless it is the common or best adapted 
process for all the species compared. 

(5) The same treatment given to a timber of a particular species may have a 
different effect upon different pieces of that species, depending upon the form 
of the timber used, its size, and its condition when treated. 

Referring specifically to zine chloride, the conclusions of a committee of the 
American Wood-Preservers’ Association indicate that: 

(1) The treatment of wood with the usual strength of zine chloride solution 
seems to have but little permanent effect upon the strength of wood in bending 
even five years after treatment, provided the temperature of the wood during 
that time is not excessively high. 

(2) There seems to be a slight permanent decrease in the resistance of zinc- 
treated wood to shock even at the normal temperatures. This decrease seems 
to be greater with greater absorptions of zine chloride. 

(3) At temperatures somewhat higher than the normal there may be a con- 
siderable reduction in all strength values. 

37. Length of Life of Wood.—Wood varies as to its length of life, depending 
upon the species and the conditions under which it is used. Absolute figures 
have little value. Woods may generally be classified as follows: 


1 See strength of wood as affected by zine chloride, pp. 80-114, Proceedings American 
Wood-Preservers’ Association, 1921, and Forest Service Publications. 
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Long Lived.—Cypress, redwood, red cedar, white cedar, Osage orange, catalpa 
and white pine. 

Medium Lived—White oak, slippery elm, black walnut, hickory, longleaf 
pine, tamarack and Douglas fir. 

Short Lived—Red oak, red gum, beech, elm, spruce, shortleaf and loblolly 
pine, and hemlock. 

38. Decay of Wood.—Decay or rot of wood is due to fungi whose active 
growth in the fiber destroys it. Necessary conditions for decay are oxygen, 
water, heat and a certain amount of food. Fruiting bodies of the fungus appear 
on the outside of decayed wood, some of which are called punks, toadstools, 
conchs, etc. Wood will not decay when kept absolutely dry, completely sub- 
merged in water or in the ground at a point below the oxygen line, usually 4 to 10 
ft. Posts, poles and foundation timbers decay most rapidly at or near the ground 
line due to favorable conditions of air and water. In buildings decay takes place 
where timbers come in contact with walls or with other timbers. Various forms 
of decay are recognized, such as dry-rot, wet-rot, etc. These terms have little 
practical significance. Sapwood of all timbers decays rapidly. The heartwood 
of most timbers is very much more resistant to decay than sapwood. Internal 
sap-rot is a term applied to decay of the inner sapwood which cannot be readily 
recognized from the outside. If timbers have been cut for some months sap-rot 
should always be suspected. 

Winter cut wood, meaning wood cut between September and March, will 
dry and be free from decay very much more than timber cut during the spring 
and summer months. Blue stain is a defect causing grayish blue discoloration 
of the sapwood of pines and other coniferous woods. It is due to a minute fungus 
growing in the wood fiber. Blue stain wood does not suffer as to strength. The 
stain may be prevented by dipping freshly sawed lumber into 5 per cent solution 
of sodium bicarbonate at 140 deg. Fahr. 

39. Destruction of Wood by Insects.—Various boring insects destroy wood. 
Chief among these are the white ants, or termites. (See Snyder’s “Biology of 
the Termites of the Eastern United States, with Preventive and Remedial 
Measures,”’ United States Department of Agriculture, Bureau of Entomology, 
Bulletin 94, 1915.) These insects live under ground and get into structures from 
the ground. They very rapidly destroy wood. Thorough creosoting is an 
absolute preventive. Other forms of boring insects occur now and then, notably 
the carpenter ant, and the powderpost beetle. 

40. Destruction of Wood by Marine Animals.—All forms of wood immersed 
in salt or brackish water are destroyed by a number of marine wood borers, such 
as the species of teredo (shipworm) and bankia, limnoria (wood louse), martesia, 
sphaeroma and others. Marine borers are most active in warmer waters but 
they are found from Nova Scotia on the East Coast and up the Pacific Coast as 
far as Alaska. They usually live in waters having salinities above 1.0054, but 
some forms can live in almost fresh water. (Note attack of Teredo navalis, the 
Holland shipworm, in San Francisco Bay, Proceedings American Wood-Preservers’ 
Association, 1921.) Active investigations were conducted and reported upon in 
1924 by the National Research Council! toward determining distribution of 

1 See Report on ‘‘ Marine Structures, Their Deterioration and Preservation,’ 1924, by 
W. G. Atwood and A, A. Johnson, 
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shipworms and methods for preventing attack. Creosoting with coal-tar 
creosote is the most effective method for prevention. 

41. Seasoning of Timber.—As dry wood has a longer life than green wood, 
seasoning is usually resorted to. This may be either air seasoning or seasoning 
by means of dry-kilns. To prevent checking wedge-shaped S-irons are frequently 
used, or the ends of logs or timbers are coated with various kinds of paint. 
Timber is kiln-dried in various forms by dry-kilns. (For detailed description of 
kiln-drying see Tiemann’s ‘‘The Kiln-Drying of Lumber,” 1917.) 

42. Preservation of Timber.—The processes for preserving wood are based 
on the injection of various antiseptic chemical compounds. The principal 
compounds used, named in the order of their efficiency, are: coal tar creosote, 
known also as creosote oil or dead oil of coal tar, creosote coal tar solution, 
mercuric chloride, sodium fluoride as an important ingredient in several pro- 
prietary or patented preservatives, and zine chloride. Coal tar creosote is 
manufactured by a distillation of coal tar, either retort gas coal tar or by-product 
coke-oven coal tar. When coal tar is distilled, it is separated into the light oils, 
creosote oil and pitch. There is no true “‘creosote”’ in coal tar creosote. The 
chemical compound creosote is obtained from a distillation of hardwood tars. 
Coal tar creosote is a very variable substance depending upon the kind of coal 
from which the tar is made and the manner in which the latter is distilled. It 
weighs approximately 8.7 to 9 lb. per gal. and ranges in specific gravity at 100 deg. 
Fahr. from 1.03 to 1.12. At the present time refined coal tar is frequently added 
to coal tar creosote, 20 per cent coal tar and 80 per cent creosote, making a coal 
tar creosote solution. On account of variable coal and manufacturing processes, 
coal tar creosote oils are described by specifying the specific gravity, the per cent 
of the fractions obtained in making a distillation and testing the character of the 
residue. Slight variations from standard specifications are permissible provided 
definite assurance is obtained that the oil to be used is a strict coal tar product 
without adulteration. 

Specifications for coal tar creosote oil have been adopted by the American 
Railway Engineering Association, American Society for Testing Materials, 
American Wood-Preservers’ Association, U.S. Federal Specifications Board 
and others. The specification for A.W.P.A. No. 1 creosote oil for ties and 
structural timbers follows: 


The oil shall be a distillate of coal-gas or coke-oven tar. It shall comply with the 
following requirements: 

(1) It shall contain not more than 3 per cent of water. 

(2) It shall contain not more than 0.5 per cent of matter insoluble in benzol. 

(3) The specific gravity of the oil at 38 deg./15.5 deg. Cent. shall be not less than 1.03. 

(4) The distillate, based on water-free oil, shall be within the following limits: 

Up to 210 deg. Cent. not more than 5 per cent. 

Up to 235 deg. Cent. not more than 25 per cent. 

(5) The specific gravity of the fraction between 235 and 315 deg. Cent. shall not be 
fess than 1.03 at 38 deg./15.5 deg. Cent. 

The specific gravity of the fraction between 315 and 355 deg. Cent. shall not be less than 
1.10 at 38/15.5 deg. Cent. 

(6) The residue above 355 deg. Cent., if it exceeds 5 per cent, shall have a float test of 
not more than 50 seconds at 70 deg. Cent. 

(7) The oil shall yield not more than 2 per cent of coke residue, 
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The foregoing tests shall be made in accordance with the standard methods 
of the American Wood-Preservers’ Association. 

Creosote is bought by the gallon and injected usually by the pound. Its 
composition is determined by fractional distillation. (See Proceedings A.R.E.A. 
Vol. 20, pp. 126-132, 1919; also A.S.T.M. Standards 1939, Standard D-38-33, 
pp. 571-573.) 

Wood-tar creosote is sometimes used but has very low Astin values. 
Water-gas-tar creosote is obtained from the distillation of water-gas tar but is 
generally regarded as inferior to coal-tar creosote. 

Mercurie chloride is used in the form of corrosive sublimate, one part of 
sublimate to 150 parts of water. 

Zinc chloride is used either in the form of fused zine chloride, 94 per cent 
minimum strength, or in the form of 50 per cent concentrated solution. It is 
diluted to strengths varying from 3 to 5 per cent, depending upon the kind of 
timber to be treated. 

Various salts of fluorine are being experimented with at the present time. 
None of them have yet proven commercially successful. 

To obtain the best results creosote oil or water solutions of antiseptic salts 
should be injected so as to give the maximum possible penetration. The sapwood 
should at all times be thoroughly penetrated with the preservative. The heartwood of 
all trees is only slightly penetrable. It is particularly resistant in those woods 
which have marked distinction between heartwood and sapwood. Air seasoned 
timber only should be treated. All framing, adzing and boring should be carried 
out before the timber is treated, and after treatment all injuries to the treated 
wood should be avoided. Timber treated with water solutions should be air 
seasoned for three to six months before being used. Creosoted timbers should be 
air seasoned for a short time, sufficient to dry the outer surfaces. As timber is a 
variable material individual pieces will absorb different quantities. Where 
cross ties are treated with an average of 23 lb., some pieces absorb only 2 lb. and 
others as high as 90 lb. 

42a. Brush Treatment.—This is a term applied to painting creosote 
or other preservatives on to the surface of timber with a brush. It is of value 
only as a temporary expedient and then only when the preservative is applied 
preferably hot, to the ends of timber or to surfaces in contact with other timbers, 
stone walls, earth, ete. As thorough protection can only be secured by complete 
impregnation brush treatment should be used sparingly, particularly when 
exposed to weather and water. 

42b. Zinc-chloride Treatment or Burnettizing Process.—In this 
process a solution of zine chloride at 140 deg. Fahr. is injected into timber under 
pressure, with preliminary steaming in the case of green timber. According to 
standard practice 14 lb. of dry zine chloride is injected per cubic foot of timber. 
For pine and other coniferous woods, the strength of the solution will vary from 
2% to 4 per cent; for hardwood, such as red oak, it will usually be about 4 per 
cent; under no circumstances should it exceed 5 per cent. The strength of the 
solution should be controlled either by hydrometer readings, or preferably, by 
chemical] titration. Zinc chloride may be purchased either in crystalline form 
or in the form of a 50 per cent solution. Care should be ocbserved that the 
material does not contain excess free hydrochloric acid or basic chloride of zinc; 
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the former reducing the strength of the timber and the latter reducing the anti- 
septic properties. The material is soluble in water and consequently tends to be 
washed and leached out of timber in damp locations or where subjected to rain. 
Combinations of zine chloride with creosote have been used to offset this charac- 
teristic, using the Card process. 

’ 4c, Kyanizing or Mercuric-chloride Treatment.—In this process 
the timber is soaked in a vat built entirely of wood and filled with a solution of 
corrosive sublimate, one part of sublimate to 150 parts of water. The strength 
of the solution decreases as it is used, and must therefore be renewed by adding 
more sublimate from time to time. The vat should be kept covered. The wood 
is left in the vat for from 5 to 10 days, according to the size of the timber, until 
a thorough absorption of the liquid has taken place. Corrosive sublimate is an 
excellent preservative particularly for fence posts, sticks, and for use where 
creosote, because of its odor and physical nature, cannot be used. Care should 
be exercised to prevent unnecessary handling of this very poisonous salt. (In 
case of poisoning, drink large quantities of milk or water in which well-beaten 
fresh eggs have been stirred.) 

The Factory Mutual Insurance Companies of Boston recommend (1915) that 
longleaf pine used in mill construction be soaked for a week in a 1 per cent solution 
of corrosive sublimate, and state that the cost of treatment at the mills is about 
$3 per thousand. They require that those portions of the wood which are 
exposed after treatment by cutting should be thoroughly swabbed with the 
solution. : 

42d. Creosoting Processes.—Creosoting, with its several modifica- 
tions, is the best preservative for practically all purposes. There are several 
processes in use, distinguished as the Bethell or plain creosoting process, the 
Lowry process, the Riiping process, and the boiling process. 

Bethell or Plain Creosoting Process—In the Bethell process a preliminary 
vacuum is maintained, after which creosote is injected under pressure varying 
from 100 to 200 lb. per sq. in., which is continued until the desired absorption 
has been obtained. The amount of creosote injected will vary from 10 to 16 
Ib. per cu. ft. The plain Bethell or full-cell creosoting process is used largely for 
the treatment of piling, bridge materials, paving blocks, telegraph poles, ete. 
It is applied chiefly to timber of which long service is expected, and where 
mechanical or destructive processes, aside from decay, are of minor importance. 
In general, bridge materials, piling, poles, and similar timbers are treated with 
10 to 15 lb. of creosote per cu. ft. for regions north of the Ohio River and with 15 
to 20 lb. for regions south of the Ohio River. Exceptions to this rule are made 
for piling, for which the following standards may be used: for marine exposure on 
the Atlantic Coast north of Delaware Bay, 12 to 15 lb. per cu. ft.; on the Atlantic 
Coast south of Delaware Bay and on the Gulf and Pacific Coast, 20 to 25 lb. per 
cu. ft. (See Proceedings, American Railway Engineering Association, vol. 9, 
p. 352, 1908.) 

Lowry Process.—This process aims to secure a good penetration with com- 
paratively small quantities of creosote. Air-dry timber only is treated. Creo- 
sote oil is forced into the timber without a preliminary vacuum until a large 
quantity of creosote is absorbed, usually stated as ‘treatment to a refusal.” 
A quick final vacuum is then applied and a considerable amount of the oil first 
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injected is withdrawn. According to standard practice in railway tie treatment, 
about 214 gal. of creosote remain in a 6-in. X 8-in. X 8-ft. tie. 

Riping Process.—This process likewise is intended to secure a good penetra- 
tion with comparatively small quantities of oil. Compressed air is first forced 
into the wood up to a pressure of 60 to 90 lb. per sq. in., after which creosote oil 
is forced in at a higher pressure until treatment to refusal is obtained. A final 
vacuum aids the compressed air in driving out a considerable quantity of the oil 
originally injected. According to standard practice, from 1.8 to 2 gal. are left 
in a 6-in. X 6-in. X 8-ft. railway tie at the end of the treatment. 

Boiling Process.—This process is used chiefly for the treatment of Douglas 
fir on the Pacific Coast. The green timber is placed in the creosoting cylinder, 
which is then filled with creosote and heated to a point slightly above the boiling 
point of water. This heating is maintained until practically no water comes out 
of the condenser. Pressure is then applied and the preservative is forced into the 
timber to the requisite amount. 

42e. Card Process.—The preserving liquid used in this process is 
made up of 15 to 20 per cent of creosote and the remainder of a 3 to 5 per cent 
solution of zine chloride. The creosote and zinc chloride are mixed in a centrif- 
ugal pump and the emulsion thus produced is forced into the timber under 
pressure. 

42f. Open-tank Treatment.—Under this name a number of methods 
have been devised for treating timber, without pressure, with either zinc chloride 
or creosote. The timber to be treated is put into an open tank or vat and heated 
in a hot liquid for several hours. It is then quickly immersed in a cold liquid, 
either zinc chloride or creosote. During the heating process a partial vacuum 
is produced in the interstices of the wood, and when the hot, wood is put in the 
cold bath, the atmospheric pressure is sufficient to bring about considerable 
absorption. This process is adapted particularly to the treatment of small 
quantities of timber in localities where larger treating plants are not available. 
(For details, see Forest Service Circulars Nos. 101, 104, 111 and 117.) 

43. Dating Nails—In many forms of construction dating nails are now 
applied to ties, bridge and building materials, for the purpose of keeping records 
of period of service obtained. 

44. Protection of Timber against Fire.—Fire resistive processes in large 
numbers have been patented and described, most of which, however, have only 
slight or absolutely no value. Two methods are used, one of which is the painting 
of surfaces with a protective material so as to reduce ignition from sparks. 
Examples of materials for use for this purpose are sodium silicate, Pamak paint 
(lead, zinc, linseed oil, asbestine paint), various forms of high-boiling asphalt 
paints, etc. The second and far more effective method is to impregnate the wood 
with a chemical which will liberate non-combustible gases when heated. Various 
ammonia salts have proven most efficient, principally ammonium chloride, 
ammonium phosphate and ammonium sulphate. This process has been used 
somewhat, but owing to its high cost has made very little headway. Timbers 
treated with zine chloride show slightly lower fire hazard than untreated timber. 
Thoroughly air-dried, creosoted timber may be considered as good a fire hazard 
as untreated wood and will show less tendency to ignition. Freshly creosoted 

1 See National Fire Protection Association Quarterly, April, 1918. 
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timber, however, will ignite far more rapidly than untreated timber. The coat- 
ing of one or the other of the asphaltic paints will gtve additional protection to 
creosoted timber. 

45. Timber Specifications.—Structural timbers are made largely of species 
of dense long leaf or shortleaf Southern pine, Douglas fir, and Western hemlock. 
In order to avoid complications because of impossible botanical distinction, 
specifications have been adopted for grading structural timbers on the basis of 
density, as follows: 


STANDARD SPECIFICATIONS 
For 


STRUCTURAL WOOD JOIST AND PLANK, BEAMS AND STRINGERS, AND 
POSTS AND TIMBERS! 


(See A.S.T.M. Designation D245-37) 
GENERAL REQUIREMENTS 
(Applying to All Stress-grades and Items) 


1. Manufacture.—All material shall be well manufactured. 

2. Quality of Wood.—No piece of exceptionally light weight shall be permitted. 

3. Decay.—Only pieces consisting of sound wood free from any form of decay shall 
be acceptable, unless otherwise specified. 

4. Slope of Grain.—Slope of grain shall be measured over a distance sufficiently great to 
determine the general slope disregarding slight local deviations. Within the middle half 
of length of piece, slope of grain shall not be steeper than specified. 

5. Holes.—Knot holes and holes from causes other than knots shall be measured and 
limited as provided for knots. 

6. Cluster Knots.—Cluster knots and knots in groups shall not be permitted. 

7. Knots in Joist and Plank. a. Knots on Narrow Faces.—Size of knot on a narrow 
face shall be taken as the width between lines enclosing the knot and parallel to the edges 
of the piece. The only knots measured on narrow faces, except spike knots which cross the 
corners of side-cut pieces, shall be those that do not show on wide faces. 

b. Knots on Wide Faces.—Size of knot on a wide face shall be the average of its largest 
and smallest diameters. A spike knet which crosses a corner of a side-cut piece and con- 
tains the intersection of the adjacent faces, or which extends entirely across a face of a piece, 
shall be measured only on its end or ends, between lines parallel to the edges of the piece. 

c. Permissible Increase in Knot Sizes.—Size of knots on narrow faces and at edges of 
wide faces may increase proportionately from the size permitted in the middle third of the 
length to twice that size at ends of the piece. Size of knots on wide faces may increase 
proportionately from the size permitted at the edge to the size permitted along the center 
line. 

d. Sum of Knots.—Sum of sizes of all knots within the middle half of the length of any 
face, measured as specified in paragraph a or b for the face under consideration, shall not 
exceed four and one-half times the size of the largest knot allowed on that face. 

8. Knotsin Beams and Stringers. a. Knots on Narrow Faces.—Size of knot on a narrow 
face shall be taken as the width between the lines enclosing the knot and parallel to the edges 
of the piece except that when a knot on a narrow face extends into the adjacent one-fourth 
of the width of a wide face its least dimension shall be taken as its size. 

b. Knots on Wide Faces.—Size of knot on a wide face shall be its smallest diameter. 
Knots at the edges of wide faces shall be limited to the same sizes as on narrow faces but 
are measured as specified in this paragraph. 

c. Permissible Increase in Knot Size.—Size of knots on narrow faces and at the edges 
of wide faces may increase proportionately from the size permitted in the middle third of 
the length to twice that size at the ends of the piece, except that no knot shall exceed the 
size permitted along the center line of a wide face. Size of knots on wide faces may increase 


1 These specifications were prepared jointly by the American Railway Engineering 
Association and the American Society for Testing Materials, 
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“Sli gags et from the size permitted at the edge to the size permitted along the center 
ne. 

d. Sum of Knots.—Sum of sizes of all knots within the middle half of the length of any 
face, measured as specified in paragraph a or b for the face under consideration, shall not 
exceed four times the size of the largest knot allowed on that face. 

9. Knots in Posts and Timbers.—a. Knots on Hither Face.—Size of a knot on either face 
shall be half the sum of its largest and smallest diameters. A spike knot which crosses a 
corner of a side-cut piece and contains the intersection of the adjacent faces, or which 
extends entirely across a face of a piece, shall be measured only on its end or ends, between 
lines parallel to the edges of the piece. 

b. Sum of Knots.—Sum of sizes of all knots in any 6 in. of the length of piece, measured 
as specified in paragraph a, shall not be permitted to exceed twice the maximum permissible 
size of knot. Two knots of the maximum permissible size shall not be permitted in the same 
6 in. of length on any face. 

10. Shakes, Checks, Splits in Joist and Plank and Beams and Stringers.—a. Shakes, 
checks, and splits, when permitted in the grade specified later in these specifications, shall 
be measured at the ends of the piece. Only those within the middle half of the height shall 
be considered. (The height equals the width of the wide face.) Size of shake is the dis- 
tance between the lines enclosing the shake and parallel to the wide faces of the piece. 
Permissible size is determined by the width of the narrow face of the piece. 

6. Checks and splits shall be measured and limited in the same way as shakes. The 
following limitations apply to both ends but only within the middle half of the height of 
the piece and within three times the height from the end. (The height equals the width 
of the wide face.) Size of checks within this portion of the piece shall be taken as their 
estimated area, along the horizontal section showing maximum area, divided by three 
times the height of the piece. (Note) When checks on two parallel faces are opposite or 
approximately so, the sum of their sizes shall be taken. The sum of sizes of shakes, checks, 
and/or splits shall not exceed the permissible size of shake. 

c. Checks extending entirely across the end within the middle half of the height 
shall not extend into the piece at the center of width of end a distance greater than the size 
of the allowable shake. 

11. Shakes, Checks, Splits in Posts and Timbers.—a. Shakes, checks, and splits, 
when permitted in the grade specified later in these specifications, shall be measured at 
the ends of the piece. Size of a shake is the distance between the lines enclosing the shake 
and parallel to a pair of opposite faces. 

b. Checks and splits shall be measured and limited in the same way as shakes. Size 
of checks within three times the width of the piece from either end shall be taken as their 
estimated area, along the longitudinal section showing maximum area, divided by three 
times the width of the piece. (Note) Sum of sizes of shakes, checks, and/or splits shall not 
exceed the permissible size of shake. 

c. Checks extending entirely across the end shall not extend into the piece at the center 
of width of end, a distance greater than the size of allowable shake. 

Norn.—A practical method of inspection in the field to determine the size of checks and 
splits under the above specification is as follows: ; 

The size of checks within the specified portion of the piece shall be taken as the sum of 
seven depth measurements, one on the end and three on each side, divided by three. Each 
measurement shall represent the greatest depth of any check within the center half of the 
height; the measurement on the end shall be taken at the center of the width, and the three 
measurements on each side shall be taken at distances of one, two, and three times the 
height of the piece from the end in joist, plank, beams and stringers, and the width of the 
piece from the end in. posts and timbers. Each measurement shall be determined by 
the penetration into the piece of a probe %4 in. in thickness and 4 in. in width. 


OPTIONAL AND ADDITIONAL REQUIREMENTS 


Applying to Stress Grades When Heartwood or Wane, and When Density 
and Close Grain Are Required 


12. Heartwood Requirements.—a. When heartwood material is desired, it shall be 
specified in terms of the amount or percentage of heartwood on the girth, or on each face, 
side, or edge, measured at the point where the greatest amount of sapwood occurs. 
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b. For all timber to be pressure treated there shall be no heartwood requirement and 
the amount of sapwood shall not be limited. 

13. Wane.—When wane is not desired, the specifications should state ‘‘Square Edge.”’ 

14. Density (When Required) of Dense Douglas Fir.—a. Dense Douglas fir shall 
average on either one end or the other of each piece not less than six annual rings per 
inch, and, in addition, one-third or more summerwood (the darker, harder portion of the 
annual ring) measured over 3 in. on a line at right angles to the annual rings, located as 
described below. The contrast in color between summerwood and springwood shall be 
distinct. 

b. Coarse-grained material excluded by this rule shall be accepted as dense if averaging 
one-half or more summerwood. 

c. In boxed-heart pieces the line shall run from the pith to the corner farthest from the 
pith, except that when the line is not representative it shall be shifted sufficiently to present 
a fair average, but the distance from the pith to the beginning of the 3-in. portion of the line 
shall not be changed. When the least dimension is 6 in. or less, the 3-in. portion of the line 
shall begin at a distance of 1 in. from the pith. When the least dimension is more than 6 in., 
the 3-in. portion of the line shall begin at a distance from the pith equal to one-fourth the 
least dimension of the piece. 

d. In side-cut pieces (pith not present) the center of the 3-in. portion of the line shall 
be at the center of the end of the piece; if a 3-in. portion of the line cannot be obtained, 
the measurement shall be made over as much of a 3-in. portion as is available. 

e. In case of disagreement, two radial lines shall be chosen and the summerwood and 
number of rings shall be taken as the average on these lines. 

15. Density (When Required) of Dense Longleaf or Shortleaf Yellow Pine.—a. Dense 
longleaf or shortleaf yellow pine shall average on either one end or the other of each piece not 
less than six annual rings per inch, and, in addition, one-third or more summerwood 
(the darker, harder portion of the annual ring), measured over the third, fourth, and fifth 
inches of a radial line from the pith. The contrast in color between summerwood and 
springwood shall be sharp and the summerwood shall be dark in color, except in pieces 
having considerably above the minimum requirement for summerwood. 

b. Coarse-grained material excluded by this rule shall be accepted as dense if averaging 
one-half or more summerwood. 

c. The radial line shall be representative of the average growth of the cross section. 
In case of disagreement, two radial lines shall be chosen, and the number of rings per inch 
and percentage of summerwood shall be taken as the average determined on these lines. 

d. In boxed-heart pieces the measurement shall be made over the third, fourth, and 
fifth inches from the pith along the radial line. 

e. In material containing the pith, but not a 5-in. radial line, which is less than 2 by 
8 in. in section or less than 8 in. in width, that does not show over 16 sq. in. on the cross 
section, the inspection shall apply to the second inch from the pith. In larger material 
that does not show a 5-in. radial line, the inspection shall apply to the 3 in. farthest from 
the pith. 

f. In cases where timbers do not contain the pith and it is impossible to locate it with 
any degree of accuracy, the same inspection shall be made over 3 in. on an approximate 
radial line beginning at the edge nearest the pith in timbers over 3 in. in thickness and on 
the second inch nearest the pith in timbers 3 in. or less in thickness. 


16. Close Grain (When Required) of Close-Grained Douglas Fir, or Redwood.—a. 


Close-grained Douglas fir shall average on either one end or the other of each piece not less 
than 6 nor more than 20 annual rings per inch; close-grained redwood shall average on 
either one end or the other of each piece not less than 10 nor more than 35 annual rings per 
inch. The rings shall be measured over 3 in. on a line at right angles to the annual rings, 
located as described below. 

b. In boxed-heart pieces the line shall run from the pith to the corner farthest from the 
pith except that when the line is not representative it shall be shifted sufficiently to present 


a fair average, but the distance from the pith to the beginning of the 3-in. portion of the 


line shall not be changed. When the least dimension is 6 in. or less, the 3-in. portion of the 
line shall begin at a distance of 1 in. from the pith. When the least dimension is more than 


6 in., the 3-in. portion of the line shall begin at a distance from the pith equal to one-fourth 
the least dimension of the piece. 


q 


es be a 
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c. In side-cut pieces (pith not present) the center of the 3-in. portion of the line shall 
be at the center of the end of the piece. If a 3-in. portion of the line cannot be obtained, 
the measurement shall be made over as much of a 3-in. portion as is available. 

d. In case of disagreement, two radial lines shall be chosen and the number of rings 
shall be taken as the average on these lines. 

e. Pieces of Douglas fir averaging 5 rings, or more than 20, shall be accepted if they 
contain one-third or more summerwood. 


STRESS-GRADES 
I. Joist and Plank 


f = Extreme fiber stress in bending in pounds per square inch for continuously dry locations 
1,800 Ls. f StrucrurAL Joist AND PLANK 


Dense Douglas Fir (Coast Region) Dense Longleaf Southern Pine 
Dense Douglas Fir (Inland) Dense Shortleaf Southern Pine 
Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 54) On 

ie 1 | narom 

4 114) face 

4 34 1% 

6 1 At 1% 

8 134 / edge 26 
10 134 p of 3% 
£2 214 \ wide 3% 
14 214 }face 41g 
16 2% 414 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 


TOES Anear Grado (RT) a. a dase tee steve 2 gees ces \% “4 
N2Obs shear erade (pitie)..,4.h- yen sercsads see eas 30 36 
GARR ee At ORO Ore Acagtte CR ere corn ae eerie Y% width of any 


face 
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1,600 Ls. f SrructuRAL Joist AND PLANK 
Close-grained Douglas Fir (Coast Region) 
Slope of Grain.—1 in 12. 
Knots—Maximum permissible size in inches: 


On narrow face, or at edge of 


Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 

2 54) On 

3 1 \narow 

4 114) face 

4 34 1% 

6 Laas 1% 

8 13 [ edge 24 
10 134 dof 34 
12 214 \ wide % 
14 214 | face 4lg 
16 2 44 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 

TOO db. SHEAR PVAIGs cation vist wit ee Ree eS 16 4 
VET Ger ees crag oc SADR a he ee a es 1% width of any 
face 


| 


Dense Longleaf Southern Pine 
Dense Shortleaf Southern Pine 


Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 34) On 

3 1 1, bnarow 

4 114) face 

4 "6 136 

6 1% J At 2% 

8 154 | edge 3 
10 21k bof 334 
12 216 \ wide 46 
14 234 } face Alg 


16 21% 5 


a 


ae 2 eee eae 


ere 8 ee 


SE Ace ye 


[ery pe 


ee’ yee 
we 
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Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 


DENT C ASLTESS Gaels CARR eS i a re 349 36 
CO ELLLES cog 9 Coe OEP ST a REN Re a 1é width of any 


face 


Close-grained Redwood 
Slope of Grain.—1 in 16. 
Knots.— Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 34) On 

3 > bnatrow 
4 14) face 

4 

6 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 

MUPID ARDCHRETACG ta coc. Abs ain e.e inna eieitiae vine a «9 l4 2% 
1¢ width of any 
face 
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1,400 Ls. f SrrucrurAL Joist AND PLANK 
Tidewater Red Cypress 


Slope of Grain.—1 in 14. 
Knots and Peck.—Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 54) On 
3 76 bnarom 
4 11{) face 
4 5% 144 
G 1 At 134 
8 144 [ edge 234 
10 15¢ ) of 2% 
12 1% \ wide 3 
14 2 face 334 
16 21% Alg 
Width of narrow face 
| 
— | 
When green | When seasoned 
Shakes, checks, splits: 
120 Ths shear orade\t cadet sls ee cae Oe eek eS lio 4 
VIAN ON cco farea wo otite ene Seo Ee Cee ae MoE ee Sears 16 width of any 


face 


Oak 
Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


On narrow face, or at edge of 


Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 

2 5g) On 

3 ir |nasow 

4 13¢) face 

4 34 1% 

6 11g At 2 

8 114] edge 25% 
10 1% )of 3% 
12 214\ wide A 
14 23 } face 414 
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Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 


LACT ar HORS oo Ea eee SR ei ras Ae 4% 4% 
WEES yeolines donk Veg CE re eee WOO 4° & 6 2 Coen 16 width of any 
face 


Dense Longleaf Southern Pine 
Slope of Grain.—1 in 10. 
Knots.—Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 78) On 
3 114 pnarrow 
4 134) face 
4 1 134 
6 114 J At 256 
8 yy edge 34 
10 214 bof 44 
12 3 wide 5% 
14 3% }face 556 
16 334 6 
Width of narrow face 
When green | When seasoned 
Shakes, checks, splits: F 
TOU. ANGar Grade... a aceee es ame cite On oe cist a Fis +8, iene V9 % 
VES Recs crap RR eI ar la het ee SSCA em era ae Ee YY width of any 


face 
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Close-grained Redwood 
Slope of Grain.—1 in 14. 
Knots.—Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 On 

3 narrow 

4 face 

4 1 

6 15 

8 24% 
10 236 
12 336 
14 358 
16 334 


Width of narrow face 
When green | When seasoned 


Shakes, checks, splits: 
SOiibs sheaw grade micncns waar ekae tape a an see es le 
VEC ee AO ee ee Ge Se ACS ee Y@ width of any 
face 


aa ER Es Ee ee ee eee 


1,200 Ls. f SrructrurAL Joist AND PLANK 
Port Orford Cedar ° 


Slope of Grain.—1 in 14. 
Knots.—Maximum permissible size in inches: 


On narrow face, or at edge of 
wide face, middle 
third of length, in. 


Nominal width of face, in. At center line of wide face, in. 


2 14) On 

3 Hb narow 

4 114) face 

4 5 1% 

6 1 J At 154 

8 114/ edge 244 
10 1}4 ) of 244 
12 174 \ wide 334 


face 
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a 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
TOU BHNOSLORU BEG scien. sicd sc varcicieerorsane siuteeaseis ox nai aa 4 
VON: ke 5 (7 le ee en = ee OTe me 1% width of any 
face 


Douglas Fir (Coast Region) 
Slope of Grain.—1 in 10. 
Knots. Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 74) On 

3- 134 baron 

4 134) face 

4 1 134 
6 1% J At 254 
8 2 edge 3% 
10 214 ) of 4M 
12 3 wide 54% 
14 314 | face 556 
16 334 6 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 


LOOMS MHONEIBTAUGiE ts cea A emis ase vies inane ad ain Seve. % A 
WV aii Were eae, Pie tas cos cid UF adhe a prrtivia ers ed ers Wis oes \% width of any 
face 
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Dense Shortleaf Southern Pine 
Slope of Grain.—1 in 8. 
Knots.—Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 1 On 
3 134 bnarsow 
4 2 face 
4 1k 2 
6 134 J At 3 
8 2\4/ edge 3% 
10 27% p of 4% 
12 314 \ wide 5% 
14 334 ] face 634 
16 4 636 
Width of narrow face 
When green | When seasoned 
Shakes, checks, splits: 
OOM burshieanzaraden nas sous os sre cataccrsc eae aie teres 476 46 
AVAL Weatecck fits, cephersy Sevres) afte vietbct ak shat Token ania ae ee ete 14 width of any 


face 


Close-grained Redwood 
Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


On narrow face, or at edge of 


Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 34) On 

3 1 +5 bao 

4 114) face 

4 1% 134 

6 2% 

8 236 
10 354 
12 436 
14 434 
16 
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Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
MUM BRLOAMERTAMO SS oo crechcis cone teen Pelvis anes. vine yy as 
\ AGIOS ae 3 OR A ee ie ee a ee eS 8A 1é width of any 
face 


1,100 Ls. f SrrucruRAL Joist AND PLANK 
. Port Orford Cedar 
Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


Z 5g) On 

3 1 | nasow 

4 13¢) face 

4 34 14 

6 11g J At 2 

8 114 [ edge 254 
10 17 ) of 34 
12 214 \ wide 4 
14 23 } face 414 
16 2 45% 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
ROW UL CAT TANG oc /sid orb Aelislecaner et aars cv rei g 4% 440 
MOULIN Grp haath a vhsvese gs Contato EACH Ak oN OAL ee, sto ne 16 width of any 
face 


ES A eS Ce | Sel Le 


662 STEEL AND TIMBER STRUCTURES [Sec. 11-45 


Tidewater Red Cypress 
Slope of Grain.—1 in 10. 
Knots and Peck—Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 34) On 
3 134 naerow 
4 154) face 
4 1% 15% 
6 13g At 244 
8 174 [ edge 3% 
10 23¢ } of 436 
12 234 \ wide 5 
14 3 face 534 
16 3% 534 
Width of narrow face 
When green | When seasoned 
Shakes, checks, splits: 
LOO Wore gy GrAdeNen.5. ck tous ooh arte oer 4 14 
BU ANG ys NEY gicis Ta debit rate oS re bd © ETAT Ao LAN Sra a RRA ene ec wa 14 width of any 
face 
Oak 


Slope of Grain.—1 in 10. 
Knots.—Maximum permissible size in inches: 


~ 


On narrow face, or at edge of 


Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 

2 1%) On 

3 13g tnasow 

4 134) face 

4 1 134 

6 14 J At 254 

8 2 edge 3 
10 214 ) of 43¢ 
12 3 wide 54 
14 314 ] face 534 
16 34 614 
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aS a ay 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 


4 
VSS 3 59 fet nga RN Pi ik 14 width of any 
face 


een ae ot See hee ee 


1,000 Ls. f SrrucrurAL Joist AND PLANK 
Western Red Cedar 
Slope of Grain.—1 in 14. 
Knots—Maximum permissible size in inches: 


On narrow face, or at edge of 
Nominal width of face, in. wide face, middle At center line of wide face, in. 
third of length, in. 


2 1) On 

3 ¥fnacrow 

4 114) face 

4 5 14 

6 154 

8 1% 2% 
10 1% 234 
12 134\ wi 33 
14 2 356 
16 2% 3% 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
ROOD: BHOBMRTAOG 524220 slant oC ices es casks > V3 \% 
SUV SITES RA eet Plats ans So clei Arale ears DCR GRA Meh vat aie Basie & 1 width of any 
face 


664 STEEL AND TIMBER STRUCTURES [Sec. 11-45 


II. Structural Beams and Stringers 
f = Extreme fiber stress in bending in pounds per square inch for continuously dry locations 
1,800 Ls. f SrructuRAL BEAMS AND STRINGERS 
Dense Douglas Fir (Coast Region) Dense Longleaf Southern Pine 
Dense Douglas Fir (Inland) Dense Shortleaf Southern Pine 
Slope of Grain.—1 in 15. 
Knots.—Maximum permissible size in inches: 


Nominal width of face, in. ne ee so a | At center line of wide face, in. 
of length, in. 
5 1% 
6 13 
8 1% 1% 
10 134 24% 
12 1% 254 
14 2k 2% 
16 24% 3k 
18 «oak 33% 
20 314 
Width of narrow face 
When green | When seasoned 
Shakes, checks, splits: 
TOO: shear wrade (Gr) a. deve kewiea sated as nec ee X% _Yy 
120lb. shour: zrade (pmelas.nerasc os.ctins nates +5 see 30 36 
WEMOMR rinses. t,4acs cas cs cere mee een street kre hie cit ater 14 width of any 
\ face 
Se, Mee 


1,600 Ls. f StrucTURAL BEAMS AND STRINGERS 
Close-grained Douglas Fir (Coast Region) 
Slope of Grain.—1 in 15. 
Knots.—Maximum permissible size in inches: 


On narrow face, middle third 


Nominal width of face, in. of lengths ei. 


At center line of wide face, in. 


5 ie 4 

6 134 

8 15 1% 
10 134 214 
12 134 254 
14 24 276 
16 24 3k 
18 sis 33% 
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Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 

TMD BN GAM PTAC. oh. cis, gcd x codons me ancieks eM eatin «2 lhors % 4 
WV IG aca, eord Akin moos Biase che ee eet irw wecrHane, 60 16 width of any 
face 


ee A 


Dense Longleaf Southern Pine 
Dense Shortleaf Southern Pine 


Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


On narrow face, middle third 


of loneth, 6. At center line of wide face, in. 


Nominal width of face, in. 


5 1% 

6 1% 

8. 2% 2 
10 234 3k 
12 254 334 
14 2% 4 
16 3 434 
18 454 
20 471% 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
HOUND SBHEAITOTALLOR ees eeareisiaty artale oS = 2idoe bie wiei0 oss Oe 340 36 
14 width of any 
face 


I 
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Close-grained Redwood 
Slope of Grain.—1 in 20. 
Knots.—Maximum permissible size in inches: 


On narrow face, middle third 


Nominal width of face, in. of Tenth ae At center line of wide face, in. 

5 34 
6 3% 
8 a) 4 

10 4% 54 

12 5 34 

14 % % 

16 4 K% 

18 ae 1 

20 - 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
BOTDS SHOAMCrAGG acre 44 c1r a ierlic ey se pein Ace eee a aps le 26 
VARIG ts RAS RNA, Sy Pesta i, osteo ce rire e a inereebrercracy oie En 140 width of any 
face 


| 


1,400 Ls. f SrructurAL BEAMS AND STRINGERS 
Tidewater Red Cypress 
Slope of Grain.—1 in 16. 
Knots and Peck.-Maximum permissible size in inches: 


On narrow face, middle third 


Of lanigthy in. At center line of wide face, in. 


Nominal width of face, in. 


5 1 
6 1g 

8 134 144 
10 1% 1% 
12 15¢ 244 
14 134 2 
16 1% 254 
18 as: 2% 
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en 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
CRUDE AR TNE ET aT RANG asst eine rar eat ogra Ae nate ie lio 
UAT Re a «<a ees 1 width of any 
face 


| 


Oak 
Slope of Grain.—1 in 15. 
Knots.—Maximum permissible size in inches: 


On narrow face, middle third 


. At center line of wide face, in. 
of length, in. 


Nominal width of face, in. 


5 1% 

6 144 

8 13% 2 
10 2 26 
12 2 3 
14 2% 3% 
16 24 3% 
18 ea 334 
20 3% 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
POU MAUBRDALPROG onic ae ovo LO. iidie « ¢¥ ep bles 509.0" yy % 
NITE Ae OA, cae OE PPE EIS ICED SOR CIET Ree % width of any 
face 
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Dense Longleaf Southern Pine 
Slope of Grain.—1 in 10. 
Knots—Maximum permissible size in inches: 


On narrow face, middle third 
of length, in. 


Nominal width of face, in. 


5 2 
6 23% 
8 234 

10 3% 

12 334 

14 35 

16 4 | 

18 

20 


At center line of wide face, in. 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
LOGS. heen eras. cree ce ween ec ie ae ee vere ers 


; Close-grained Redwood 
Slope of Grain.—1 in 18. 
Knots.—Maximum permissible size in inches: 


On narrow face, middle third 
of length, in. 


Nominal width of face, in. 


470 $6 
14 width of any 
face 


At center line of wide face, in. 


TE 


—ey 
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_—_e_—_::.:.:.— — — — — — ——_—_ 


Width of narrow face 
When green | When seasoned 


Shakes, checks, splits: 
BUMIBS EROAR Crag! Ago a eicte sinc vb nie ah uals seen es On ly 26 
ESTES RG AAS eh Sree | an 1¢ width of any 
face 


a OE SE ee . | Seana | eee | ee ee 


1,200 Ls. f SrrucruraL BramMs AND STRINGERS 
Dense Shortleaf Southern Pine 
Slope of Grain.—1 in 8. 
Knots.—Maximum permissible size in inches: 


On narrow face, middle third 
of length, in. 


Nominal width of face, in. At center line of wide face, in. 


5 

6 

8 3% 
10 414 
12 534 
14 64 
16 634 
18 7% 
20 7% 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 

TOO TO MBDORT BUDOG 9 a nca pels eV Daal < cing hie os sos 4 0 46 
Ui ke i ARS ge eric, bri We Syr pceaere e Ce ee ae 14 width of any 
face 


Lal Es a ees ©: ee 0) 
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Close-grained Redwood 
Slope of Grain.—1 in 14. 
Knots.—Maximum permissible size in inches: 


On narrow face, middle third 


Nominal width of face, in. of length, in. At center line of wide face, in. 

5 1% 
6 1% 
8 24 234 

10 234 3 ' 

12 254 354 

14 234 3% 

16 3 414 

18 416 

20 434 


Width of narrow face 
When green | When seasoned 


Shakes, checks, splits: 
MOMD BHOAD GlAUG -ts0 cuca Le ahynie emis s eeteriwiste wma 4 14 
AV REG Ries Bor nats oes ea ater asatehctnr a aoc ce tere Meal rbna te ade alters 16 width of any 
face 


5 el eee ee See Seen ee ee 


1,100 Ls. f SrrucrurRAL BEAMS AND STRINGERS 
Port Orford Cedar 
Slope of Grain.—1 in 15. 
Knots.—Maximum permissible size in inches: 


On narrow face, middle third 


of longth, in. At center line of wide face, in. 


Nominal width of face, in. 


5 1% 

6 1% 

8 134 2 
10 2 26 
12 2% 3 
14 214 34 
16 24 34 
18 aie 334 
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i 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
SEER CBNOALSET AUG okere otitis ord din area's afare tte w Ae Dla one 144 0 
UPS ges ote See ene en. een eee 16 width of any 
face 


Tidewater Red Cypress 
Slope of Grain.—1 in 12. 
Knots and Peck.—Maximum permissible size in inches: 


On narrow face, middle third 


pf lab gtk aa. At center line of wide face, in. 


Nominal width of face, in. 


5 134 

6 24 

8 214 274 
10 234 354 
12 3% 436 
14 33% 434 
16 3% 5 
18 ae 534 
20 5% 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: ; 
NOG AD SSHGAT GUAGE tac coer oferta att ds «ese eee yy V4 
TENS es ee AA PISA AD. Heer er et kay eee eee 14 width of any 
face 
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Oak 
Slope of Grain.—1 in 10. 
Knots.—Maximum permissible size in inches: 


Cc face, midd i ; ; : 
Nominal width of face, in. mer te “om At center line of wide face, in. 
of length, in. 
5 2 
6 244 
8 274 34 
10 314 4l¢ 
12 314 5 
14 33% 534 
16 ea 534 
18 6 
20 63 
Width of narrow face 
When green | When seasoned 
Shakes, checks, splits: 
TOOT: Shes wrades cc ce tees ooh eee Semele eee 440 46 
VIET case occa ie Reo cetne ots etoile: 1k RG ea Se cel ese ee 14 width of any 
face 


1,000 Ls. f StrucruRAL BrAMs AND STRINGERS 
Western Red Cedar 
Slope of Grain.—1 in 18. 
Knots.—Maximum permissible size in inches: 


On narrow face, middle third 


of Ieagth, in: At center line of wide face, in. 


Nominal width of face, in. 


5 34 

6 1 

8 1% 13g 
10 1\% 154 
12 134 2 
14 14 2g 
16 154 24 
18 oe 234 


Sec. 11-45] MATERIALS 673 
ee eS 


Width of narrow face 


When green | When seasoned 


Shakes, checks, splits: 
ROMER DORE PEACE | ris, cise x 'asaicic team wre oon Ware Rie Sed ink aA 7 
URES Cr eS NOP PRS AS Ke cx ve ature aieka te eres fais ar ducielee 1¢ width of any 
face 


Sou 2 DR ence ee eee, Sennen CRS oo 


III. Structural Posts and Timbers 
ce = Compression stress parallel to grain in pounds per square inch for continuously dry 


locations 
1,300 Ls. c StrucruRAL Posts AND TIMBERS 
Dense Douglas Fir (Coast Region) Dense Longleaf Southern Pine 
Dense Douglas Fir (Inland) Dense Shortleaf Southern Pine 


Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

Pc IR. opting et ROMS) Oye o teat oe eee hs ts ee Re Cae 1% 

Se ee ee ee oe it Cee oe 1 

Ce Son Ais aia Bn epee ra i eer gney ra Lava i eee 1% 

pI ee LAELIA Te eho ie hd sw eA A ea tod MONS ete 236 

ee, ocherte aN hagurn Sh oR «peachy! Sit 5 Rindt seater hens. 6 <cecay ashes 21g 
ee oe ese gs eres vu usin Dk Boh be cok HORE 3 

it tc Oe ee Oe, ea eg on br on Ra 2 Pr Mma Ch 2 33¢ 

TEES © Bo SA pe eRe pa SS IRE Cae eno Rats CORE a ok 314 
Se a tee oe os, ein dale a BATE 334 


Width of narrow face 


When green | When seasoned 


Sialcog KONGERS AMPUIGE atin scree ieee eae wv ees wear Lod 449 V4 
UWE aici aan Deuce ae ee tia. cee nae eee rare . 1 width of any 


face 
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1,200 Ls. c SrrucrurAL Posts AND TIMBERS 
Tidewater Red Cypress 
Slope of Grain.—1 in 12. 
Knots and Peck.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

i et oe ee ee rr ee cre eer ee a a eee % 

(eee CN Fete ay Pre Sr gael ter tbe kane ke EP Ce TET. 1 

Ue Senet, I es OEE Stee IRE as SE Be ie ,t Rete i arte ee eee 14 

De ieee bo el Aaa Pad LO eee 134 

ML foee eg he EE Ot PR PRP Dee he OOP bes ee Leen 2% 

BE chee SO okie obi ci sans we be a ee eee 234 

(a ee eee eRe gow nar n,m Rem ts 2% 

ee Coe IE meee, RPL Te ED ae oh S 234 
RUD so a uch sghokiaee cea asc pic. os ee ee ee eee 234 


Width of narrow face 


When green | When seasoned 


VVENGS SE eer ears Fad sph ay ths oe ued ie en, ws eas eo SP 1é width of any 
face 


Close-grained Douglas Fir (Coast Region) 
Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

| EES op 5 Aaa STR ee AS ee TO cm RAY 1% 
Bie dee irs sic ee Meinglneraanenn ia eek alee Mae Cie 13¢ 

eRe ee ee a ae pe ee lf 11% 

“1: Da AA pee Aon) Mage nen eek Cea gay 2 ORR ay we CIS vee, eae S- veh 23¢ 

i SS a a S| eS Te ey 21 ee eee Seen: 234 

A eR ay Re ere cee Ciiaa Pee Vere a ei ee ee ee clatartiaie © stim cre Pieter hen en eG 3 

HERMES (hilt re Oe: Ce aaa ret cE NY wens tan ik Mr reel cad OCR icwl rian are essen el ee meen 3% 

WB shabaeicha cs. SNe hip ui Qi Bel t.e.<1's, te Shailel weve, & alte Sus iecacefe, te toatl ieee ener eae! 336 

Ree eens Re peter te ROR ENE I yo 354 


Width of narrow face 


When green | When seasoned 


0 
SVU SECLR SS cae ee ahs Heme eon ee carey in ote ROE cee tte ae ere oe a 1¢ width of any 
face 
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Dense Longleaf Southern Pine 
Dense Shortleaf Southern Pine 
Slope of Grain.—1 in 10. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 
Ee RCS Rey ai RI OOS ae Ee OEIC Roger te Di, a Sa am 1% 
in, Sea OIE, SOE Decne tr BOG ee RL ER CUE Ren PR SPU eran Rn Pe SD 134 
een hand aeiahe Ants Ae SRR A A? ae ERE vitig autres coe eh See 234 
TLD SSG MME ae Rice IS OR Re St EE RE Oe PE eee Fee A Sidley 3 
UPY, c TERE, Bip Re ede ties AO NGA ee sae, ce ae Re ea MOS Uo 356 
RMN aerate 5 fo Seals, ch ofa nisin een ie gal COE ale eS ohh eh Nee ee ae 3% 
COP. cog dkc 0 Snes pr ge me ee 4l4 
DD sid euc 2 Ac ere aS Se we ne Pe a A 4 
Eri Satna tte os ne AI A on santas eA tne hae Cane Sts 434 


Width of narrow face 
When green | When seasoned 


PIERORTOHOCES (OTC; ears, u.5 sols Pa eases bien eB oe glans 440 A 
AL ANT Ee RCI CEN Wann os als Greve Tar ital Sava aso! we To hes als 146 width of any 
: face 


Close-grained Redwood 
Slope of Grain.—1 in 14. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

PEN Ile acct oc APRA UE SET SATE SG. 6,\nit SR dan ah pip. nal al ate SiGe 34 
Ce ee ee ee ea Pena Pan NaS re EO aiid care eer ais inline iW saw AVIS In % 

Pe Beso cetera gates Paes ie ORIN AA Bde OTR Gine ASls by shy IE 1% 

NCNM rant te ore ke PAGES a ches ohh ok Mead ET aecrads paren ehh Siase ste eta d 1% 

a EEE Sr ee AIL acd Loe oh Gi ge ah, Mca eid vein ae aeRLw aI Oo ea acrarsio ete ook 1% 

CARTE Te Nar cA ER wan th ee OTE Hine Al nnd © AE Miovd. SDN OLN ie SON 2 

DUE cuetiey ceed Rope Age Rn 9 ee Ry 2 

Lee nn ae Mer tet Pec, Me tac ule’ os css, 9/0 4.0:d ke Sos Bini aye' hor arateS 24% 

eT en, cc A Les aha didi arha,draiceiaiiws epidls, 3.5 ba a Oy P bem 234 


Width of narrow face 


When green | When seasoned 


SS EH ee MOH SC TR IIILS 8 ccs cheticcs wre eve aicleras p28 cipreie ce ints oA 46 
VPS satel AS 5 2 Sean eae arora ye 14 width of any 
face 
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1,100 Ls. ¢ SrructurRAL Posts aNnD TIMBERS 
Douglas Fir (Coast Region) 
Slope of Grain.—1 in 10. 
Knots—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

Fy Ne eee Saha re as Goal TiS Ao SRE Ge te orator a Tanne Ret kcal ha a force Sie ae 1% 
GR eek Lecce: Cond te os ee ile a ne Fa tee pi en a Ee 1% 
218 Ee A Ee en oan eee Oe Ae Aor See PW ra Lg he 2 

BER cee eter a Se cc eal ong ats Se en ee ee a OO Ss 24 

eee Heo caches ia ile ess Sian oa Ns a-ak ox eel aan ae rel ek a ee at ae aaa, Sa ie ete 3 

Be ich ticrycty inna es > on ec. Ae ere ee a ee ee 3\ 

BB Io a is ke Dee a de eee ee 3% 

MOM So ene onc apd vin els tank 6 ean SEEG Commo ts da ee ee 334 

IR ol Ssh in cn ec de LO Ree 3% 


Width of narrow face 


When green | When seasoned 


Sirakes Hoheo iss aplites =: eh cela se cic ternieintone cles oa sieiohs aeiea i 40 aA 
NTP a eRe 0 ME Ee RS TENE Ok oe te 1 width of any 
face 
Oak 


Slope of Grain.—1 in 14. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

Daataa oe RS Secu s5 3-AAK cfc RIMES REM ee ORs ELE ence cs ow ee een 4g 
BRN EN cre came ico. ra i seiko RES ORS ORT Rea ieee Le atte SER oe ot he on ae cae ee 1 

Be NS 1 NS oe on oe ee eek ck ae) A 13 
1 Ie ed eee eee Ls EO RP OR a rs kee 134 
Si EE a hil tm Rupterdindke fiber hee eine Rete ent flank AL 24 
SE oie ere ce a attain PUNN AlN od Seema how eae UES ane ReneS CTR Ge ca hace Eee ee ee 214 
hy Soe ee eet eo te ee i ee ee tay hes BE 234 
| SRE REC Oh he rit retiree Rire eae 2 
Ae Sasi sky wd ve coves tee ate See eo con inl oe 254 

| 


Width of narrow face 


When green | When seasoned 


Shaker Bhoaks, Holubs taxes cree eis © alee ee cote cette 14 34 
PWG op etna Ace ape Satierane ncn: Cicer e eee ee eae 1g width of any 
face 


Sec. 11-45] MATERIALS 677 


Close-grained Redwood 
Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

12. 5a Sete SACS 3 0) Sa Aaa A, eo Ry 1k 

EARLS AENSS ie hca sr Aerie Me Re em 134 

wed Tig SM OPER, cz A Sonn le ae ee gh ge en eS 134 

ATL CUS SAS S Sa Wen ars SP RAE Se yy eee Sar CT 24% 

Lice Yves A oun ea a re A ce es oe et 2546 

un jc a RE, pre a gg 21% 

LE ool Sic AGG Re: Cg CA ga pac eA a Leese) ert ne a 3k 
lee Scie le crea cos Se he fee 34 
POEM yee ey a ata Ciel ee, 3 


Width of narrow face 


When green | When seasoned 


HERE NCHOGES, SUNG «ere seis ars boceend. aratacar ened abr aishersiarsveicr art 3¢ Wy 
ALI Meo: tn x e eidic en icy od riot sin Ge ig aS widest a 1 width of any 
face 


ee EE Ee 


1,000 Ls. c StructuRAL Posts AND TIMBERS 
Port Orford Cedar 


Slope of Grain.—1 in 14. 
Knots.—Maximum permissible size in inches; 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

° SER be ye SER Ls. a a a en -Sete i 
rie sna aoe a Eee OE AAG Ea elle kPa ees BAIS Bway Oe 1 

IND 8 a esn a A UME re 7 nie 30 9) Ss Fa 13¢ 
NET a ae kN Ra LS MES LEM AG Mar EP MES DONE ME ERO RE Mandeaardia 1% 
a ERE aM AAT Looe ed Aer, Seats oie wuaWeng Gene RE Ore L Dinaa es Ps 2 

De cap fol eS cate En OAR oO eR Str Oo ace aCe eee 21 
Cp PE OER IP Pr aa rS Ss Poe SIL, eh casa ne. 55 os SERIE WIRES hk ecm NOTE REELS 24% 
STL 2 ie is Foy, Smo rs ie. Pe bd oa Wea wo Woe OW hen RR Rhee 23¢ 
I i oe rn Sy iesa'n.y. 7.2 a 42.4.0 wha lo 24 


Width of narrow face 


When green | When seasoned 


Siraicce TGHAGA NAD INES tee ollie «aie bien nie a ellaaclele 1.o Baal pelle Bas 34 
its Soe On MM Feu ct irk ce Sig isnk Grads em eK GIG eo al « arale 1g width of any 


face 
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Tidewater Red Cypress 
Slope of Grain.—1 in 10. 
Knots and Peck.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

yd A S.A a RES gc RB RRR Siege ey PALS bP teint ee Daa ER I es 2, 1% 
ae ne ee AE tic orate eae on Oe Ee ae ies Or ReMi 1% 
ip Ince Sane ig Nn eta Ea, OR Sy eee PI A A Rn eee AP 2 

Ie ey neg ik or EL I eee nt cb Chea ee 3% 

TER cde crshsire eed lec ak nt acre a eo Saas 334 

De ea Sea ees Be oh rs ce Oho te an CE CE ent: CALs 4 

Dee hak oes oe ete ee ee 43 

) 2, ee ee ee nr ee nr ML oe iin ere ye a Sake 434 

eee a ee ee a a ee eee mney eee Te ees Oe A ee ote en een 5 


Width of narrow face 


When green | When seasoned 


Bhakes: eheckss Splits. ct nweace/siscscsceas qcuentuiereiae wiviels 46 56 
VU ILO on Rte Ree de Cram MEN on Aaeet, brs * eee ee 16 width of any 
face 
Oak 


Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

ERP ar eset ash Gs 8 5rca Cog ENS RARE OR ENE IN chon eae RRR Rete ier eh ence ne 1% 
Oe i Ca ER EO LAS Ae Rei Rane eet be RO ae Ae eee Be oe 14 
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1) A eee Ore eee Pee eee Oe hr Per ee ere eee eee nA 2 
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EUR Cas Lik 8s. Sie d AIRC ROSI ae eco FRC Pee ie eee 334 

MRM Rk By acces Su. £49 Mea ERLE AER Re Te ee 3% 


Width of narrow face 


When green | When seasoned 


Shakes, CHOOKM-MOlce state Sant a cticcreera cree eminent eet aes 440 ao 
Wallet ict cas cerns ca met, Peket Ur RN hy ha ga 1 width of any 
face 
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Dense Longleaf Southern Pine 
Slope of Grain.—1 in 8. 
Knots.— Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In 
| hee a i iy AP Aa Ra a. Cc, Gc Rene er ae 2 
hs EE SSUES EI IS REARS he WL De er ds ee ae nn 24 
Cae OR Ee Di RCIEN S Pec Cars A ace? ONSTAR, 9 A SR re On 334 
Be Neth, 5 Sn R ehNa  RRE  s oho es SEN Uv in eae, 4\¢ 
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Width of narrow face 


When green | When seasoned 


PA ee SOR BORS ETT Si 6.6 is SION 2 tO) ON As CORPS 4% 56 
POUR MS Sete eae ovo SE ain/als, 5 Abe S's 6 v inne Simla Safe 8 eS 14 width of any 
face 
| 
Close-grained Redwood 
Slope of Grain.—1 in 10. 
Knots.—Maximum permissible size in inches: 
Nominal Width At Any Point 
of Face, In. on Any Face, In. 
Fi RE Re eee ial er en heat ise eV al 8s casas kai auld inca eps Thy pais vanee. Hie RO 1% 
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Se eM ne i tc Farad ag toh thas acide AA ODS ms SPR eae SS yns bale ol oteliSoayy ah Oe 3% 
Ns RP ah by Si dad Sag 46 ned cf ahaa pl Heke A 334 
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Width of narrow face 
When green | When seasoned 
PTA RGA CHOGKA WADLIER «score sera «Kacy ln Bue nos avin ot clans 34 
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face 
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900 Ls. c SrructuRAL Posts AND TIMBERS 
Port Orford Cedar 
Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

14 EE ee nen a ce, Pee merry a ite Al CSS GT EN ae RMSE Som 14% 
BSF sean town hobs at cvatcher ie © anc aon eed ssa thigh tee een VER otis sx eels Daehn ere 14 
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RMI Af sees ash ak tats trv olen lig SECs APG SE TOS pA ES De ae ee ate e a Peat Bie 34 

BR rd censder he toncstok os arecanceecassecdh one nai ss ee ee eae 3l4 
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Width of narrow face 


When green | When seasoned 
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face 
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Dense Shortleaf Southern Pine 
Slope of Grain.—1 in 6. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 

| | I a Rees ME oi. Plath Re pee CE ORE SPN: 23¢ 
| TN oA NR oP Piet sla hy NRE Niet g PE GR od 236 
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Width of narrow face 


When green | When seasoned 
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face 
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800 Ls. c Posts AND TIMBERS 
Western Red Cedar 
Slope of Grain.—1 in 14. 
Knots.—Maximum permissible size in inches: 


Nominal Width At Any Point 
of Face, In. on Any Face, In. 
JP Cecil a ARS RS Esty CLOUAC SEAT RTO CER TERT CET ORCL Moe Tene 34 
Slory Ban Sor cctet Beare iene egCae ar OCI Se i a 34 
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Width of narrow face 


When green | When seasoned 
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0 75 
NW ATG parce ct ny “AM SARE PROC oe aio re ene pei 1g width of any 
face 


| 


46. Lumber.—Lumber is graded and sold under rules of various lumber manu- 
facturers’ associations, to whom apply for detailed grading rules. The basis 
of the rules is the presence or absence of defects and sizes. The standard of 
lumber measurement is the board foot, equal to a piece of lumber | ft. square and 
1 in. thick; thus, a timber 12 in. by 12 in. by 20 ft. contains 240 ft. B.M. (board 
measure). Lumber is furthérmore distinguished as rough lumber and finished 
lumber (S28, surfaced on both sides, and $48, surfaced on four sides). Most 
lumber is sold in even lengths. 

Lumber is usually somewhat smaller than the dimensions under which it is 
sold would indicate. Rough lumber may be full size; surfaced lumber will vary 
14 in. for each surfaced side. This has been recognized by engineering societies 
and others, leading to the adoption of the following size rule for structural 
timbers: Rough sizes of structural timber shall not vary more than 14 in. scant 
of specified size—dressed size may be }4 in. scant after dressing. 
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Table 3 gives contents in feet, B.M. of joists, scantlings and timbers. 


TaBLE 3.—CONTENTS IN FEET (B.M.) or JoIsTs, ScaANTLINGS AND TIMBERS 


Length in feet 
Size in 
inches 
12 14 16 18 20 22 24 26 28 30 

ee Eee: Ces Be ee eee ati iin Cs a 

2x4 8 9 ii! 12 13 15 16 a7 19 20 

ZG 12 14 16 18 20 22 24 26 28 30 

2x8 16 19 21 24 PH | 29 32 35 3¢ 40 


4X4 16 19 21 24 27 29 32 35 37 40 
4X6 24 28 32 36 40 44 48 52 56 60 
4X8 32 37 43 48 53 59 64 69 75 80 
4x 10 40 47 53 60 67 7 80 87 93 | 100 


4X14 56 65 75 84 93 103 112; 121 131 140 
6 xX 6 36 42 48 54 60 66 72 78 84 90 
6x8 48 56 64 72 80 88 96; 104 | 112 120 
6 X 10 60 70 80 90 100 110 120 130 | 140] 150 
6 X 12 72 84 96 | 108| 120| 132) 144 156 168 | 180 
6 X 14 84. 98 | 112 126 | 140| 154| 168) 182 196 | 210 
8x8 64 75 85 96 | 107 117 | 128 | 139 149 | 160 
8 X 10 80 93 | 107 | 120| 138 147 | 160| 1738 187 | 200 
8 X 12 96 | 112 128 | 144 160 | 176| 192| 208| 224] 240 
8x 14 119) |i ial 149 | 168| 187] 205 | 224) 243 261 | 280 
10 X 10 100 117 | 138 150 | 167 183 | 200| 217| 233 | 250 
10 X 12 120 | 140| 160] 180| 200 | 220 240 | 260} 280| 300 
10 X 14 140 163 187 | 210 | 233 | 257 | 280] 303 327 | 350 
12 X 12 144 168 | 192| 216| 240] 264| 288 312 | 336} 360 
12 xX 14 168 | 196| 224| 252| 280| 308 336 | 364 | 392} 420 
14 X 14 196 | 229 | 261 992 | 327| 359 | 392| 425] 457 490 


ee eee ee eee Oe a 


47. Piling.—The following woods are used chiefly for piling and poles: Oak, 
cypress, pine and Douglas fir. 

The following specifications for round timber piles were adopted by the 
American Society for Testing Materials in 1937 as A.S.T.M. Designation: 
D25-37. 
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STANDARD SPECIFICATIONS 
For 
ROUND TIMBER PILES 
(A.S.T.M. Designation D25-37) 


1. Scope.—These specifications cover round timber piles to be used untreated, or 
treated by standard preservatives. 

Nore: Where sawed timber is used as piling, such as heavy sheet piles, appropriate 
specifications should be selected from the Standard Specifications for Structural Wood 
Joist and Plank, Beams and Stringers, and Posts and Timbers (A.S.T.M. Designation 
D 245) of the American Society for Testing Materials. 

2. Kinds of Wood.—a. The purchaser shall specify the kind or kinds of wood he desires 
and shall designate the kinds he desires for preservative treatment. 

Norse: Commonly used species are cedars, chestnut, cypress, Douglas fir, larch, oaks, 
pines, spruces, and tamarack. 

b. Piles of different kinds of wood shall be delivered in separate lots. 

3. Use Classification.—Timber piles are classified in these specifications under three 
general divisions according to the use intended, as follows: 

a. Class A.—Piles suitable for use in heavy railway bridges and trestles. The minimum 
diameter of butt assumes the use of load-bearing timber caps 14 in. in width. 

6. Class B.—Piles suitable for use in docks, wharves, highway work, and general 
construction. The minimum diameter of butt assumes the use of load-bearing timber caps 
12 in. in width. When timber caps are not used, as in the case of piles under masonry 
foundations, the sizes given for Class C piles are recommended. 

c. Class C.—Piles suitable for use in foundations which will always be completely sub- 
merged, for cofferdams, falsework, and sundry temporary work. 


CLASS A AND CLASS B PILES 


4, General Quality.—Except as hereinafter provided, Class A and Class B piles shall 
be free from any defects which may impair their strength or durability as piling, such as 
decay, red heart, splits in piles to be treated, or splits longer than the measured butt 
diameter of piles not to be treated, twist of grain exceeding one-half of the circumference 
in any 20 ft. of length, unsound knots, numerous knots or holes, or shake more than one- 
third of the diameter of the pile. Piles which have been scored for turpentine shall be 
accepted, provided such scar does not exceed 36 in. and provided the scoring is of recent 
date showing the scar to be entirely sound and free from insect damage. 

5. Knots.—Sound knots will be permitted in Class A and Class B piles, provided they 
are not in clusters. The diameter of a sound knot shall not be greater than one-third of 
the minimum diameter of the pile at the section where it occurs, and shall not exceed 4 in. 
for piles 50 ft. and under in length. For piles over 50 ft. in length, knots between the 
section at mid-length and the butt shall conform to the limitation prescribed for piling under 
50 ft. Between mid-length and the tip, single knots up to 5 in. in diameter will be per- 
mitted, provided they do not exceed one-half the minimum diameter of the pile at the 
section where they occur. The diameter of a knot shall be measured at right angles to 
the length of the pile. 

6. General Requirements.—a. Sownd Timber.—Class A and Class B piles shall be cut 
from sound, live trees, except that fire-killed, blight-killed, or wind-felled timber may be 
used if not attacked by decay or insects. Piles shall be cut above the ground swell. 

b. Tip.—tThe tip shall be sound. 

c. Butt End.—The butt end shall be sound except in cedar piles, which may have a pipe 
or stump rot hole not more than 114 in. in diameter. 

d. Taper.—Piles shall have a gradual taper from the point of butt measurement to 
the tip. 

e. Surface Finish—All knots and limbs shall be trimmed or smoothly cut flush with 
the surface of the pile. The butt and tip shall be sawed square with the axis of the pile, 
or the tip may be tapered to a point not less than 4 in. in diameter if directed by the 
engineer in charge. 
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7. Sapwood. a. Piles for Use Untreated.—Piles for use without preservative treatment 
shall have as little sapwood as possible; and when used in exposed work, the diameter of 
the heartwood shall not be less than eight-tenths of the actual diameter of the pile at the 
butt. 

b. Piles for Treatment.—Piles for use with preservative treatment shall have no sapwood 
restrictions but preferably shall contain as much sapwood as possible. In southern pine 
the sapwood thickness shall not be less than 114 in. and in Douglas fir and larch not less 
than 1 in. on the butt end. 

8. Peeled Piles.—a. Piles shall be peeled of bark, including the inner skin, soon after 
cutting so that the piles are smooth and clean. Care shall be taken to remove as little 
sapwood as possible while peeling the bark. The sapwood shall not be injured by unneces- 
sary axe cuts. These piles shall be designated as piles for treatment. 


DIAMETERS OF THREE CLASSES OF PILES 


Class A and Class B piles 
(These differ in size only) 


Class C Piles* 
(These differ from 
Classes A and B 
in size and quality) 


Class A Class B 
pouty, Diameter Diameter Diameter 
3 ft. from Mini- 3 ft. from Mini- 3 ft. from Meni 
butt, in. mum butt, in. es butt, in. maa 
diam- diam- diam- 
eter of eter of eter of 
Mini- | Maxi-| tip, in. | Mini- | Maxi-| tip, in. | Mini- | Maxi-| tip, in. 
mum | mum mum | mum mum | mum 
Douglas Fir and Southern Pine Pilest 
Under 40....... 14 18 10 12 20 8 12 20 8 
40 to 50, incl.... 14 18 9 12 20 7 12 20 6 
51 to 70,incl....} 14 18 8 13 20 7 12 20 6 
70:00, inal, ... 14 20 cs 13 20 6 12 20 6 
Over 90 ncn aris 14 20 6 13 20 5 12 20 5 


Black Oak, Chestnut, Cypress, Pin Oak, Post or Burr Oak, Red Oak, White Oak, 
or Willow Oak Piles 


Wnder 605.05 1.6. 14 18 10 12 18 8 12 20 8 

30 to 40, inel.... 14 18 9 13 20 8 12 20 8 

Over 40s. cence 14 18 8 13 20 7 12 20 6 
Cedar Piles 

Under S07. taco. 14 22 10 12 22 8 12 22 8 

30 to 40, inel.... 14 22 9 13 22 8 12 22 8 

Over 407 50.04. 14 22 8 13 22 di 12 22 7 


* In Class C piles, a minimum diameter (at cutoff) of 10 in. may be specified for lengths of 20 ft. and 
under. 

t+ Where larch, lodgepole or Norway pine, spruce, or tamarack piles are specified, their dimensions 
shall correspond to the requirements shown for Douglas fir and southern pine. 
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b. No pile shall be considered as thoroughly peeled unless all of the rough bark and at 
least 80 per cent of the inner bark which remains on the pile shall have been removed. In 
no case shall any piece of inner bark be over 34 in. in width or over 8 in. in length, and 
there shall be 1 in. of clean wood surface between any two strips of inner bark. 

9. Diameter.—a. It is recommended that the diameters of piles measured under the 
bark shall conform to the requirements shown in the following table, subject to a permissible 
variation of minus }4 in. in any diameter in not more than 25 per cent of the piles of that 
diameter. 

6. The diameter of a pile in cases where the tree is not exactly round shall be determined 
either by measuring the circumference and dividing the number of inches by 3.14 or by 
taking the average of the maximum and minimum diameters at the location specified. 

10. Length.—All piles shall be furnished cut to any of the following lengths, as specified: 
16 to 40 ft. in multiples of 2 ft., and over 40 ft. in multiples of 5 ft. A variation of 6 in. 
in length shall be allowable, but the average length in any shipment shall be equal to, or 
greater than, the specified lengths. The length of each pile shall be legibly marked on the 
butt end with white or black paint. 

11. Straightness.—Piles shall be free from short or reversed bends and free from crooks 
greater than one-half of the diameter of the pile at the middle of the bend. In short bends, 
the distance from the center of the pile to a line stretched from the center of the pile above 
the bend to the center of the pile below the bend shall not exceed 4 per cent of the length 
of the bend, or 214 in. A line drawn from the center of the butt end to the center of the 
tip shall lie within the body of the pile. 


CLASS C PILES 


12. General Quality.—Class C piles shall be of sound, live timber that will stand driving 
and need not be peeled if they are to be used without preservative treatment. They 
shall be free from decay and other imperfections such as bad knots and shakes which will 
materially affect their strength. Piles which have been scored for turpentine shall be 
accepted, provided such scar does not exceed 36 in. and provided the scoring is of recent 
date showing the scar to be entirely sound and free from insect damage. 

13. General Requirements. a. Tip.—The tip shall be sound. 

b. Taper.—Piles shall have a gradual taper from the point of butt measurement to the 
tip. 

c. Surface Finish.—All knots and limbs shall be trimmed or smoothly cut flush with 
the surface of the pile. The butt and tip shall be sawed square with the axis of the pile, 
or the tip may be tapered to a point not less than 4 in. in diameter if directed by the engineer 
in charge. 

14. Sapwood.—Sapwood requirements shall be identical with those for Class A and 
Class B piles as specified in Section 7. 

15. Peeled Piles.—The requirements for peeled piles shall be identical with those for 
Class A and Class B piles as specified in Section 8. 

16. Diameter.—The methods of measurement of diameter and the permissible varia- 
tions in diameter shall be identical with those for Class A and Class B piles as specified 
in Section 9. The recommended sizes are given in the table. 

17. Length.—The requirements for length shall be identical with those for Class A and 
Class B piles as specified in Section 10. 

18. Straightness.—The requirements relating to straightness shall be identical with 
those for Class A and Class B piles as specified in Section 11. 
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GENERAL SPECIFICATIONS FOR STEEL Ramway Bripaces! 
(For Fixed Spans Less than 300 Ft. in Length) 


AMERICAN RAILWAY ENGINEERING ASSOCIATION 
1920 


(1) Proposats AND DrawiINnes 


1. Definitions of Terms.—The term ‘‘ Engineer’’ refers to the Chief Engineer of the Com- 
pany or his subordinates in authority. The term ‘Inspector’ refers to the inspector 
or inspectors representing the Company. The term ‘“‘Company”’ refers to the Railway 
Company or Railroad Company party to the contract. The term ‘‘Contractor’’ refers to 
the manufacturing or fabricating contractor party to the contract. 

2. Proposals.—Bidders shall submit proposals to conform with the terms in the letter of 
invitation. The proposals preferably shall be based upon plans and specifications furnished 
by the Company showing the general dimensions necessary for designing the structure, the 
stresses and the general or typical details. Invitations covering work to be designed or 
erected by the Contractor shal] state the general conditions at the site, such as track 
spacing, character of foundations, old structures, traffic conditions, etc. 

3. Drawings to Govern.— Where the drawings and the specifications differ, the drawings 
shall govern. 

4, Patented Devices ——The Contractor shall protect the Company against claims on 
account of patented devices or parts proposed by him. 

5. Drawings.—After the contract has been awarded and before any work is commenced, 
the Contractor shall submit to the Engineer for approval duplicate prints of stress sheets 
and shop drawings, unless such drawings shall have been prepared by the Company. The 
tracings of these drawings shall be the property of and be delivered to the Company after 
the completion of the contract. Shop drawings shall be made on the dull side of the tracing 
cloth, 24 by 36 in. in size, including margins. The margin at the left end shall be 1144 
in. wide, and the others 44 in. The title shall be in the lower right-hand corner. No 
changes shall be made on any approved drawing without the consent, in writing, of 
the Engineer. 

6. The Contractor shall be responsible for the correctness of his drawings, and for shop 
fits and field connections, although the drawings may have been approved by the Engineer. 

7. Any material ordered by the Contractor prior to the approval of the drawings shall 
be at his risk. 


(2) GENERAL FEATURES OF DESIGN 


8. Materials Used.—Structures shall be made wholly of structural steel except where 
otherwise specified. Cast steel preferably shall be used for shoes and bearings. Cast iron 
may be used only where specifically authorized by the Engineer. 

1 Specifications for steel buildings should conform and be consistent with specifications for steel 
railway bridges. That is, the unit stresses and the specifications for materials should be identical 
in the two sets of specifications. The percentages allowed for impact, however, are not used on building 
work and the effect, of course, would be to have the buildings designed using a higher unit stress than for 


bridges. 
Editors-in-chief. 
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9. Types of Bridges —The different types of bridges may be used as follows: 

Rolled beams for spans up to 35 ft. 

Plate girders for spans from 30 ft. to 125 ft. 

Riveted trusses for spans from 100 ft. to 300 ft. 

Pin-connected trusses for spans from 150 ft. to 300 ft. 

10. Number of Trusses.—Unless otherwise specified, double-track through bridges shall 
have only two trusses or girders, and four-track bridges three. 

11. Dimensions for Calculation The dimensions for the calculation of stresses shall be 
as follows: 


Span LENGTH 


For trusses and girders, the distance center to center of end bearings. 
For floor beams, the distance center to center of trusses or girders. 
For stringers, the distance center to center of floor beams. 


DEPTH 


For riveted trusses, the distance between centers of gravity of chord sections. 
For pin-connected trusses, the distance center to center of chord pins. 
For plate girders, floor beams and stringers, 
8-0" the distance between centers of gravity of flanges, 
but not to exceed the distance back to back of the 
flange angles. 

12. Spacing of Trusses, Girders and Floor Beams. 
—The width center to center of girders or trusses 
shall be not less than one-fifteenth of the effective 
span, and not less than is necessary to prevent 
overturning under the assumed lateral* loading. 
Panel lengths shall not exceed 144 times the width 
center to center of trusses or girders. 

13. Clearances——If the alinement is straight, 
clearances shall be not less than shown on the 
diagram, Fig. 1. If the alinement is curved, the 
width of the diagram shall be increased so as to 
provide the same minimum clearances for a car 

Y 80 ft. long, 14 ft. high and 60 ft. center to center 
of trucks, allowance being made for curvature and superelevation of rails. The height 
of rail shall be assumed as 6 in. 

14. Deck Spans on Curves.—Deck spans on curves shall have the center line of the span 
placed, usually, so as to bisect the middle ordinate of and be parallel with the chord of the 
curve. ; 

15. Skew Bridges.—In skew bridges without ballasted floors, the ends of stringers or 
girders for each track shall be square with the track. 

16. Ambiguity of Stress—Stuctures shall be designed so as to avoid, as far as practic- 
able, ambiguity in the determination of the stresses. 


(3) Loaps 


17. Loads.—The structures shall be proportioned for the following loads: 

(a) The dead load. 

(b) The live load. 

(c) The impact or dynamic effect of the live load. 

(d) The lateral loads and forces. 

(e) The centrifugal force, including impact. 

(f) The longitudinal force. 
Stresses due to these loads and forces shall be shown separately on the stress sheets. 

18. Members shall be proportioned for that combination of stresses which gives the 
maximum total stress, except as otherwise provided. 
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19. Dead Load.—The dead load shall consist of the estimated weight of the entire sus- 
pended structure. Timber shall be assumed to weigh 416 Ib. per ft. B.M., ballast 120 lb. 
per cu. ft., reinforced concrete 150 Ib. per cu. ft., waterproofing 150 lb. per cu. ft., and rails 
and fastenings 150 lb. per lin. ft. of track. If ballast is used, it shall be assumed level 
with the base of rail and the weight of the ties shall be neglected. Ballasted floors shall 
have at least 6 in. of ballast under the ties. 

20. Live Load.—The minimum live load for each track shall be as shown in Figs. 2 and 3, 
except as modified in Art. 21. 


75000 
75000 
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The loading that gives the larger stresses shall be used. 

21. In special locations, where the conditions limit the loading to light engines, a lighter 
loading, as stipulated by the Engineer, may be used, but not in any case lighter than three- 
fourths of that specified in Art. 20. 

22. Other live loadings shall be proportional to the loading specified in Art. 20 with 
the same wheel spacing. 

23. Multiple Tracks—In calculating the maximum stresses due to live load and cen- 
trifugal force when two, three or four tracks are simultaneously loaded, use the following 
percentages of the specified live load: 

For two tracks, loaded, 90 per cent. 

For three tracks, loaded, 80 per cent. 

For four tracks, loaded, 75 per cent. 

24. Floors.—Wooden ties shall be designed for the maximum wheel load specified 
distributed over three ties and with 100 per cent. impact added. ‘The fiber stress shall not 
exceed 2,000 lb. persq.in. The ties shall be not less than 10 ft. in length. They shall be 
placed with openings not to exceed 4 in. in width and shall be secured against bunching. 
The maximum dap of ties shall be 1}4 in. 

25. Floors consisting of beams transverse to the axis of the structure shall be designed 
for a uniform live load of 15,000 Ib. per lin. ft. for each track, when the minimum live load 
specified in Art. 20 is used. When heavier loadings are used, this uniform load shall be 
increased proportionately. 

26. Floors consisting of longitudinal beams shall be designed for the wheel loads 
specified. 

27. In ballasted floor bridges, the live load shall be considered as uniformly distributed 
laterally over a width of 10 ft. 

28. Impact.—The dynamic increment of the live load shall be added to the maximum 
computed live load stresses and shall be determined by the formula 


in which 

I = impact or dynamic increment to be added to the live-load stress. 

S = computed maximum live-load stress. 

Z = the length in feet of the portion of the span which is loaded to produce the maximum 

stress in the member. 

29. For bridges designed exclusively for electric traction, the impact stresses shall be 
taken as one-half of those given by the formula in Art. 28. 

30. Impact shall not be added to stresses produced by longitudinal or lateral forces. 


ll 
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31. Eccentricity of Load on Curves.—For bridges on curves, provision shall be made for 
the increased load carried by any truss, girder or stringer due to the eccentricity of the 
load. 

32. Lateral Forces.—The lateral (or wind) force shall consist of a moving load equal 
to 30 lb. per sq. ft. on 14 times the vertical projection of the structure on a plane parallel 
with its axis (but never less than 200 lb. per lin. ft. at the loaded chord, and 150 Ib. per lin. 
ft. at the unloaded chord), and a moving load of 700 lb. per lin. ft. applied 8 ft. above the 
base of rail. 

33. If a moving load of 50 lb. per sq. ft. on 114 times the vertical projection of the 
unloaded structure on a plane parallel with its axis produces greater stresses than the lateral 
force defined in Art. 32, it shall be provided for. 

34. In calculating the stresses in viaduct towers due to lateral force, the viaduct shall 
be considered as loaded on either one or both tracks, with empty cars weighing 1,200 lb. 
per lin. ft. 

35. The lateral bracing between compression chords or flanges shall be capable of resist- 
ing a transverse shear in any panel equal to 2)4 per cent of the total axial stress in the chords 
in that panel. 

36. Centrifugal Force.—On curves, the centrifugal force (assumed to act 6 ft. above the 
rail) shall be taken equal to a percentage of the live load including impact according to the 
following table: 


OF Ort Ee 2s ae tee | 5° CP ee Se 1S ae | 11° 4.12° 
Degree of curve...........- 20’ | 40’ : 
IPELCCHUADG sc sts crsa eo sister sce eid 2%| 5 | 74%} 10 } 10 | 10 | 10; 10 | 10 | 10 ; 10 | 10 | 10 | 10 
Speed in miles per hour....../80 |80 (80 65 | 53 | 46 | 41 | 38 | 35 33 
; 


31 | 29 | 28 | 27 


37. Longitudinal Force.—Provision shall be made in the design for the effect of a longi- 
tudinal force of 20 per cent of the live load on one track only, applied 6 ft. above the top of 
the rail. In structures (such as ballasted deck bridges of only three or four spans) where, 
by reason of continuity of members or frictional resistance, the longitudinal force will be 
largely directed to the abutments, its effect on the superstructure shall be taken as one-half 
that specified above. 


(4) Untr Srresses AND PROPORTIONING OF ParRTs 


88. The several parts of structures shall be so proportioned that the unit stresses will 
not exceed the following, except as modified in Arts. 46 and 47: 
Ls. per Sa. In. 


Parsi Re OORMON TOU BOOULGE ors ic ea cist shave t On atmrore eeeaien ae aketee hie Catone 16,000 
AeIeT COMET OSSIGn, QTORS SOOULOI« ais dsicc s. s.chje vis 9 Ais 0.5 Ss & sa Kaas Sian ERS 15,000—50 ~ 
r 

BUT OOb VO OXOGOE 0c. cucn ccc Lars Me ALE wine aacia 9 ne aIE ¢ Ne pre eRe 12,500 


l = the length of the member in inches. 
r = the least radius of gyration of the member in inches. 
Tension in extreme fibers of rolled shapes, built sections and girders, net section. 16,000 


Tension inertreme fibers 'or pinsiy.<<c30: were sce asm ee ene tema eo enon 24,000 
Shear in plate girder webs, prose fection. .i. i. .Ga ween ta ewe eee berecasnes 10, 000 
Horizontal shear in flange angles of girders.......... 0.0.0 ccc cc ucecucceucs 4,000 
Shear in power-driven rivets and pinsis can sjenpcce cc cw wwe cess urns 12,000 
Bearing on power-driven rivets, pins, outstanding legs of stiffener angles, and 

other steel. parts;in, Contacts. <c.0.c menewR sa er Gah cues ieee eee 24,000 


The above-mentioned values for shear and bearing shall be reduced 25 per cent for countersunk 
rivets, hand-driven rivets, floor-connection rivets, and turned bolts. 
Bearing on expansion rollers, per linear inch..............0ceeeceeeeeceeces 600d 
d = the diameter of rollers in inches. 


Bearing oh @ranito masonry . cc. 7 ves ewe oes vs © vi oieln ciate alee wees eee nee 800 
Bearing on sandstone and limestone masonry............2-2...2eeceeeceee 400 
Bearing on: concrete: masorTy « shisy's als aise Se anise cena s isl wetals SainiRiely Gal. aie 600 
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39. For cast steel in shoes and bearings, the above-mentioned unit stresses shall apply. 

40. The diagonal tension in webs of girders and rolled beams at sections where maxi- 
mum shear and bending occur simultaneously, shall not exceed 16,000 lb. per sq. in. 

41. Effective Bearing Area.—The effective bearing area of a pin, a bolt or a rivet shall be 
its diameter multiplied by the thickness of the piece, except that for counter-sunk rivets, 
half the depth of the countersink shall be omitted. 

42. Effective Diameter of Rivets—In proportioning rivets, the nominal diameter of the 
rivet shall be used. 

43. Proportioning Web Members.—In proportioning web members of trusses, use two- 
thirds of the dead load stress plus one and one-sixth times the live load stress, including 
impact, where this sum is greater than the sum of the dead load stress and the live load 
stress, including impact. 

44. Reversal of Stress——Members subject to reversal of stress under the passage of the 
live load shall be proportioned as follows: 

Determine the resultant tensile stress and the resultant compressive stress and increase 
each by 50 per cent of the smaller; then proportion the member so that it will be capable of 
resisting either increased resultant stress. The connections shall be proportioned for the 
sum of the resultant stresses. 

45. Combined Stresses—Members subject to both axial and bending stresses (including 
bending due to floor beam deflection) shall be proportioned so that the combined fiber 
stresses will not exceed the allowed axial stress. In members continuous over panel points, 
only three-fourths of the bending stress computed as for simple beams shall be added to the 
axial stress. 

46. Members subject to stresses produced by a combination of dead load, live load, 
impact and centrifugal force, with either lateral or longitudinal forces, or bending due to 
lateral action, may be proportioned for unit stresses 25 per cent greater than those specified 
in Art. 38; but the section shall not be less than that required for dead load, live load, impact 
and centrifugal force. 

47. Secondary Stresses.—Designing and detailing shall be done so as to avoid secondary 
stresses as far as possible. In ordinary trusses without sub-panelling, no account usually 
need be taken of the secondary stresses in any member whose width measured in the plane 
of the truss is less than one-tenth of its length. Where this ratio is exceeded, or where 
subpanelling is used, secondary stress due to deflection of the truss shall be computed. The 
unit stresses specified in Art. 38 may be increased one-third for a combination of the 
secondary stresses with the other stresses, but the section shall not be less than that 
required when secondary stresses are not considered. 

48. Compression Flanges.—The gross area of the compression flanges of plate girders 
and rolled beams shall not be less than the gross area of the tension flanges, but the stress 
per square inch of gross area shall not exceed 


16,000 —150 : 


in which 
1 = the length of the unsupported flange, between lateral connections or knee braces 
b = the flange width. 


(5) Derarts or DrEsian 


49. Limiting Lengths of Members.—The ratio of length to least radius of gyration shall 
not exceed 100 for main compression members nor 120 for wind and sway bracing. 

50. The lengths of riveted tension members shall not exceed 200 times their least radius 
of gyration. 

51. Depth Ratios ——The depth of trusses preferably shall be not less than one-tenth of 
the span. The depth of plate girders preferably shall be not less than one-twelfth of the 
span. The depth of rolled beams used as girders and the depth of solid floors preferably 
shall be not less than one-fifteenth of the span. If less depths than these are used, the sec- 
tion must be increased so that the maximum deflection will not be greater than if these 
limiting ratios had not been exceeded. 

52. Parts Accessible-—Details shall be designed so that all parts will be accessible for 
inspection, cleaning and painting. Closed sections shall be avoided wherever possible. 
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53. Pockets.—Pockets or depressions which would hold water shall have efficient drain 
holes, or shall be filled with concrete. 

54. Eccentric Connections—Members shall be connected so that their gravity axes will 
intersect in a point. Eccentric connections shall be avoided if practicable, but, if unavoid- 
able, the members shall be proportioned so that the combined fiber stress will not exceed the 
allowed axial stress. 

55. Effective Area of Angles—The effective area of single angles in tension shall be 
assumed as the net area of the connected leg plus 50 per cent of the area of the unconnected 
leg. Single angles connected by lug angles shall be considered as connected by one leg. 

56. Counters.—If web members are subject to reversal of stress, their end connections 
preferably shall be riveted. Adjustable counters shall have open turnbuckles. 

57. Strength of Connections —Connections shall have a strength at least equal to that of 
the members connected, regardless of the computed stress. Connections shall be made, as 
nearly as practicable, symmetrical about the axis of the members. 

58. Limiting Thickness of Metal—Metal shall not be less than 3 in. thick, except for 
fillers. Metal subject to marked corrosive influences shall be increased in thickness or pro- 
tected against such influences. 

59. Sizes of Rivets —Rivets shall be 34 in., 7% in. or 1 in. in diameter as specified. 

60. Pitch of Rivets——The minimum distance between centers of rivet holes shall be three 
diameters of the rivet, but the distance preferably shall be not less than 3) in. for 1-in. 
rivets, 3 in. for 7-in. rivets and 2)4 in. for 34-in. rivets. The maximum pitch in the line 
of stress for members composed of plates and shapes shall be 7 in. for 1-in. rivets, 6 in. for 
74-in. rivets and 5 in. for 34-in. rivets. For angles with two gage lines and rivets staggered, 
the maximum pitch in each line shall be twice the amounts given above. If two or more 
web plates are used in contact, stitch rivets shall be provided to make them act in unison. 
In compression members, the stitch rivets shall be spaced not more than 24 times the thick- 
ness of the thinnest plate in the direction perpendicular to the line of stress, and not more 
than 12 times the thickness of the thinnest plate in the line of stress. In tension members, 
the stitch rivets shall be not more than 24 times the thickness of the thinnest outer plate 
in either direction. In tension members composed of two angles in contact, a pitch of 12 
in. may be used for riveting the angles together. 

61. Edge Distance-—The minimum distance from the center of any rivet hole to a sheared 
edge shall be: 134 in. for 1-in. rivets, 114 in. for 74-in. rivets and 1}4 in. for 34-in. rivets; 
to a rolled edge 14 in., 114 in. and 1] in., respectively. The maximum distance from any 
edge shall be eight times the thickness of the plate, but shall not exceed 6 in. 

62. Size of Rivets in Angles—The diameter of the rivets in any angle whose size is 
determined by calculated stress shall not exceed one-fourth of the width of the leg in which 
they are driven. In angles whose size is not so determined 1-in. rivets may be used in 34- 
in. legs, 7-in. rivets in 3-in. legs, and 34-in. rivets in 244-in. legs. 

63. Long Rivets —Rivets which carry calculated stress and whose grip exceeds four and 
one-half diameters shall be increased in number at least one per cent for each additional 
14 in. of grip. If the grip exceeds six times the diameter of the rivet, specially designed 
rivets shall be used. 

64. Pitch of Rivets at Ends.—The pitch of rivets at the ends of built compres- 
sion members shall not exceed four diameters of the rivet for a distance equal to one and 
one-half times the maximum width of the member. 

65. Compression Members.—In built compression members, the metal shall be concen- 
trated in the webs and flanges. The thickness of each web shall be not less than one-thir- 
tieth of the distance between the lines of rivets connecting it to the flanges. The thickness 
of cover plates shall be not less than one-fortieth of the distance between the nearest rivet 
lines. 

66. Outstanding Legs of Angles.—The width of the outstanding legs of angles in compres- 
sion (except when reinforced by plates) shall not exceed the following: 

(a) For stringer flange angles, ten times the thickness. 

(b) For main members carrying axial stress, twelve times the thickness. 

(c) For bracing and other secondary members, fourteen times the thickness. 

67. Stay Plates.—The open sides of compression members shall be provided with lacing 
bars and shall have stay plates as near each end as practicable. Stay plates shall be pro- 
vided at intermediate points where the lacing is interrupted. In main members, the length 
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of the stay plates shall be not less than 14 times the distance between the lines of rivets 
connecting them to the outer flanges, and the length of intermediate stay plates shall be not 
less than three-quarters of that distance. Their thickness shall be not less than one-fiftieth 
of the same distance. 

68. Tension members composed of shapes shall have their separate segments stayed 
together. The stay plates shall have a length not less than two-thirds of the lengths speci- 
fied for stay plates on compression members. 

69. Lacing.—The lacing of compression members shall be proportioned to resist a shear- 
ing stress of 214 per cent of the direct stress. The minimum width of lacing bars shall be 
3 in. for 1-in. rivets, 234 in. for 74-in. rivets, 2)4 in. for 34-in. rivets, and 2 in. for 5¢-in. 
rivets. The thickness shall be made as required by Art. 38, in which ‘‘l’’ shall be taken as 
the distance between connections to the main sections. 

70. In members composed of side segments and a cover plate, with the open side laced, 
one-half the shear shall be considered as taken by the lacing. Where double lacing is used, 
the shear in the plane of the lacing shall be equally distributed between the two systems. 


71. Lacing bars of compression members shall be so spaced that the of the portion of 


the flange included between their connections will be not greater than 40, and not greater 
than two-thirds of the of the member. 


72. In connecting lacing bars to flanges, 5£-in. rivets shall be used for flanges less than 
214 in. wide, 34-in. rivets for flanges from 2)4 to 314 in. wide, and %€-in. rivets for flanges 
3% or moreinches wide. Lacing bars with at least two rivets in each end shall be used for 
flanges over 5 in. wide. 

73: The angle of lacing bars with the axis of the member shall be not less than 45 degrees 
for double lacing, and 60 degrees for single lacing. If the distance between rivet lines in the 
flanges is more ‘than 15 in. and a single-rivet bar is used, the lacing shall be double and 
riveted at the intersections. 

74. Splices—Abutting joints in compression members faced for bearing shall be spliced 
on four sides. The gross area of the splice material shall be not less than 50 per cent of the 
gross area of the smaller member. 

75. Joints in riveted work not faced for bearing, whether in tension or compression, shall 
be fully spliced. 

76. Net Section at Pins.—In pin connected riveted tension members, the net section 
across the pin hole shall be not less than 140 per cent and the net section back of the pin 
hole not less than 100 per cent of the net section of the body of the member, and there shall 
be sufficient rivets to make the material effective. 

77. Net Section Defined—The net section of riveted members shall be the least area 
which can be obtained by deducting from the gross sectional area the areas of holes cut by 
any plane perpendicular to the axis of the member and parts of the areas of other holes on 
one side of the plane within a distance of 4 in., which are on gage lines 1 in. or more 
from those of the holes cut by the plane, the parts being determined by the formula 


4-2) 


in which 

A= the area of the hole. 

P = the distance in inches of the center of the hole from the plane. 

78. In determining the net section, the diameter of the rivet hole shall be taken }¢ in. 
larger than the nominal diameter of the rivet. 

79. Pin Plates—Where necessary to give the required section or bearing area, pin 
holes shall be reinforced on each segment by plates, one of which on each side must be as 
wide as the outstanding flanges will permit. These plates shall contain enough rivets and 
be so connected as to transmit and distribute the bearing pressure uniformly over the full 
cross-section and to reduce the eccentricity of the segment toa minimum. At least one full- 
width plate on each segment shall extend to the far edge of the stay plate and the others 
not less than 6 in. beyond the near edge. 

80. Indirect Splices.—If splice plates are not in direct contact with the parts which they 
connect, rivets shall be used on each side of the joint in excess of the number required in the 
case of direct contact to the extent of two extra lines for each intervening plate. 
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81. Fillers.—Where rivets carrying stress pass through fillers, the fillers shall be extended 
beyond the connected member and the extension secured by additional rivets sufficient to 
develop the value of the filler. 

82. Forked Ends—Forked ends on compression members will be permitted only where 
unavoidable. Where forked ends are used, a sufficient number of pin plates shall be pro- 
vided to make the jaws of twice the sectional area of the member and they shall be extended 
as far as necessary in order to carry the stress of the main member into the jaws, but shall 
not be shorter than required by Art. 79. 

83. Pins.—Pins shall be long enough to secure a full bearing of all parts connected upon 
the turned body of the pin. They shall be secured by chambered nuts or by solid nuts with 
washers. Where the pins are bored, through rods with cap washers may be used. The 
screw ends shall be long enough to admit of burring the threads. 

84. Pin-connected members shall be held against lateral movement on the pins. 

85. Bolts ——Where members are connected by bolts, the turned bodies of the bolts shall 
be long enough to extend through the metal. A washer at least }4 in. thick shall be used 
under the nut. Bolts shall not be used except by special permission. 

86. Upset Ends——Bars with screw ends shall be upset so that the area at the root of 
the thread will be at least 15 per cent larger than in the body of the bar. 

87. Sleeve Nuts.—Sleeve nuts shall not be used. 

88. Expansion. Provision shall be made for expansion and contraction at the rate of 
one inch for every 100 ft. in length. The expansion ends shall be secured against lateral 
movement. In spans more than 250 ft. in length, provision shall be made for expansion in 
the floor. ; 

89. Expansion Bearings.—Spans more than 70 ft. in length shall have rollers at one end. 
Spans of less length shall be arranged to slide on smooth surfaces. 

90. Fixed Bearings.— Bearings and ends of spans shall be secured against lateral motion. 

91. Rollers—Expansion rollers shall be not less than 6 in. in diameter. They shall 
be coupled together with substantial side bars, which shall be so arranged that the rollers 
can be cleaned readily. Jollers shall be geared to the upper and lower plates. 

92. Pedestals and Shoes.—Pedestals and shoes preferably shall be made of cast steel. 
The difference between the top and bottom bearing widths shall not exceed twice the depth. 
For hinged bearings, the depth shall be measured from the center of the pin. Where 
built pedestals and shoes are used, the web plates and the angles connecting them to the 
base plate shall be not less than 34 in. thick. If the size of the pedestal permits, the webs 
shall be rigidly connected transversely. The minimum thickness of the metal in cast-steel 
pedestals shall be 1 in. Pedestals and shoes shall be so constructed that the load will 
be distributed uniformly over the entire bearing. Spans more than 70 ft. in length shall 
have hinged bearings at each end. 

93. Inclined Bearings.—For spans on an inclined grade and without hinged bearings, 
the sole or masonry plates shall be beveled so that the masonry surfaces will be level. 

94. Name Plates.—There shall be a name plate, showing in raised letters and figures the 
name of the manufacturer and the year of construction, bolted to the bridge near each end 
at a point convenient for inspection. 


(6) FLoors 


95. Types of Floors.—Floors may consist of steel floor-beams and stringers, with timber 
cross-ties supporting the rails, or of one of the solid floor types. 

96. Floor Members.—Floor members shall be designed with special reference to stiffness. 

97. Specifications for plate girders shall apply to floor-beams and stringers. 

98. Spacing of Stringers.—Stringers usually shall be spaced 6 ft. 6 in. c. toc. If four 
stringers are used under one track, each pair shall be spaced symmetrically about the rail. 

99. I-Beam Girders.—Rolled beams supporting timber decks shall be arranged with not 
more than four, and preferably not less than two beams under each rail. The beams in 
each group shall be placed symmetrically about the rail, and shall be spaced sufficiently far 
apart to permit cleaning and painting. They shall be connected by solid web diaphragms 
near the ends and at intermediate points, spaced not over twelve times the flange width 
Bearing plates shall be continuous under each group of beams. End stiffeners shall be used 
if required by the provisions of Art. 38. 
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100. Floor-beam Connections.—Floor-beams preferably shall be square to the girders or 
trusses, They shall be riveted directly to the girders or between the posts af through and 
deck truss spans. 

101. End Connection Angles—tThe legs of stringer connection angles shall be not less 
than 4 in. in width, and not less than 5¢ in. in thickness before facing. Shelf angles shall 
be provided to support the stringers during erection, but the connection angles shall be suffi- 
cient to carry the wholeload. Stringers in through spans shall be riveted between the floor- 
beams. 

102. Stringer Frames.—Where two lines of stringers are used under each track in panels 
more than 20 ft. in length, they shall be connected by cross frames. 

103. Solid Floor Connections.—Solid floors shall be connected to the girders or trusses by 
angles not less than 5¢ in. thick if to be faced, or 4 in. thick if not to be faced; one angle on 
each side of the web of I-beams and one on each of the vertical members of troughs. (223) 

104. Proportioning Solid Floors—Solid floors shall be proportioned by the moments of 
inertia of the sections, using the net sections including the compression side. 


(7) Bracine 


105. Design of Bracing.—Lateral, longitudinal and transverse bracing shall be composed 
of shapes with riveted connections. Lateral bracing shall have concentric connections to 
chords at end joints, and preferably throughout. The connections between the lateral 
bracing and the chords shall be designed to avoid, as far as practicable, any bending stress 
in the truss members. 

106. When a double system of bracing is used, both systems may be considered simul- 
taneously effective if the members meet the requirements, both as tension and compression 
members. 

107. Lateral Bracing—Bottom lateral bracing shall be provided in all bridges except 
deck plate girder spans less than 50 ft. long, from which it may be omitted. Continuous 
steel or concrete floors will be considered lateral bracing. 

108. Top lateral bracing shall be provided in deck spans and in through spans having 
sufficient head room. 

109. Portal and Sway Bracing. Deck truss spans shall have vertical sway bracing at 
each panel point. They shall also have bracing in the planes of the end posts. The end 
reaction of the top lateral system shall be carried through the vertical end bent to the 
masonry. 

110. Through truss spans shall have portal bracing, with knee braces, as deep as the 
specified clearance will allow. 

111. Through truss spans shall have sway bracing at each intermediate panel point if 
the height of the trusses is such as to permit of a depth of 6 ft. or more for the bracing. 
When the height of the trusses will not permit of such depth, the top lateral struts shall be of 
the same depth as the chord and shall have knee braces. 

112. Cross-frames.—Deck plate girder spans shall be provided with cross-frames at 
each end proportioned to resist centrifugal and lateral forces, and shall have intermediate 
cross-frames at intervals not exceeding 18 ft. 

113. Laterals-——The smallest angle to be used in lateral bracing shall be 344 X 3 X 36 
in. There shall be not less than three rivets at each end connection of the angles. Angles 
shall be connected at their intersections by plates. 

114. Clearance.—Lateral bracing beneath the track shall be low enough to clear the ties. 


(8) Puate GrrpERs 


115. Spacing of Girders——The girders of deck bridges usually shall be spaced 6 ft. 6 in- 
between centers, except that: 

(a) In single-track deck spans 75 or more ft. in length, the girders shall be spaced ip 

accordance with paragraph 12, but not less than 7 ft. 6 in. between centers. 

(b) In bridges on curves, the girders shall be spaced as shown on the plans. 

116. Design of Plate Girders.—Plate girders shall be proportioned either by the moment 
of inertia of their net section including compression side; or by assuming that the flanges are 
concentrated at their centers of gravity. In the latter case, one-eighth of the gross section 
of the web, if properly spliced, may be used as flange section. For girders having unusual 
sections, the moment of inertia method shall be used. 


696 STEEL AND TIMBER STRUCTURES 


117. Flange Sections.—The flange angles shall form as large a part of the area of the 
flange as practicable. Side plates shall not be used except when flange angles exceeding 1 in. 
in thickness otherwise would be required. 

118. Flange plates shall be equal in thickness, or shall diminish in thickness from the 
flange angles outward. No plate shall have a thickness greater than that of the 
flange angles. 

119. Where flange cover plates are used, one cover plate of the top flange shall extend 
the full length of the girder. Other flange plates shall extend at least 18 in. beyond the 
theoretical end. 


120. Thickness of Web Plates.—The thickness of web plates shall be not less than * VD, 


where D represents the distance between flanges in inches. 

121. Flange Rivets——The flanges of plate girders shall be connected to the web with a 
sufficient number of rivets to transfer to the flange section the horizontal shear at any point 
combined with any load that is applied directly on the flange. One wheel load, where ties 
rest on the flange, shall be assumed to be distributed over 3 ft. 

122. Flange Splices.—Splices in flange members shall not be used except by special 
permission of the Engineer. Two members shall not be spliced at the same cross-section 
and, if practicable, splices shall be located at points where there is an excess of section. The 
net section of the splice shall exceed by 10 per cent the net section of the member spliced. 
Flange angle splices shall consist of two angles, one on each side. 

123. Web Splices—Web plates shall be symmetrically spliced by plates on each side. 
The splice plates for shear shall be of the full depth of the girders between flanges. The 
splice shall be equal to the web in strength in both shear and moment. There shall be not 
less than two rows of rivets on each side of the joint. 

124. End Stiffeners——Plate girders, shall have stiffener angles over end bearings, the 
outstanding legs of which will extend as nearly as practicable to the outer edge of the flange 
angles. These end stiffeners shall be proportioned for bearing of the outstanding legs on 
the flange angles, and shall be arranged to transmit the end reaction to the pedestals or 
distribute it over the masonry bearings. They shall be connected to the web by enough 
rivets to transmit the reaction. End stiffeners shall not be crimped. 

125. Intermediate Stiffeners——The webs of plate girders shall be stiffened by angles at 
intervals not greater than: 

(a) Six feet. 

(b) The depth of the web. 


(c) The distance given by the formula d = 412-000 — §S). 


d = the distance between rivet lines of stiffeners in inches. 
t = the thickness of the web in inches. 

S = web shear in pounds per square inch at the point considered. 

126. If the depth of the web between the flange angles or side plates is less than 50 times 
the thickness of the web, intermediate stiffeners may be omitted. 

127. Stiffener angles shall be placed at points of concentrated loading. Such angles 
shall not be crimped. 

128. Intermediate stiffeners shall be riveted in pairs to the web of the girder. The 
outstanding leg of each angle shall not be less than 2 in. plus one-thirtieth of the depth of 
the girder, nor more than 16 times its thickness. 

129. Gusset Plates in Through Girders——In through plate girder spans, the top flanges 
shall be braced by means of gusset plates or knee-braces with solid webs connected to the 
floor-beams and extending usually to the clearance line. If the unsupported length of the 
inclined edge of the gusset plate exceeds 18 in., the gusset plate shall have one or two stiffen- 
ing angles riveted along its edge. The gusset plate shall be riveted to a stiffener angle on 
the girder. Preferably it shall form no part of the floor-beam web. 

130. In through plate girder spans with solid floors, there shall be knee-braces with 3¢- 
in. webs, extending usually to the clearance line, at intervals of about 12 ft. Each knee- 
brace shall be well riveted to the floor and the girder, especially at the top, and shall have its 
edge reinforced by one or two angles. 

131. Ends of Through Girders.—If through plate girders project 2 ft. or more above 
the base of the rail, the upper corners shall be rounded. In multiple span bridges, usually 
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only the extreme ends shall be rounded. Exposed ends of through girders shall be neatly 
finished with end plates. 

132. Spans Shipped Riveted—Deck plate girder spans less than 50 ft. in length shall be 
shipped riveted complete, unless otherwise specified. 

133. Masonry Bearings——End bearings on masonry preferably shall be raised above the 
coping by metal pedestals. 

134. Sole plates shall be not less than 34-in. thick and no less in thickness than the 
flange plus }{-in. Preferably they shall not be longer than 18 in. 

135. Anchor Bolts—Anchor bolts shall be 1}4-in. in diameter and shall extend 12 in. 
into the masonry. There shall be washers under the nuts. Anchor bolt holes in pedestals 
and sole plates shall be 15 in. in diameter, except that at expansion points the holesin the 
sole plates shall be slotted. 

(9) TrussEs 


136. Type of Truss and Sections of Members.—Trusses shall have single intersection web 
systems and, preferably, inclined end posts. The top chords and end posts shall be made 
usually of two side segments with one cover plate and with stay plates and lacing on the 
open side. The bottom chords of riveted trusses shall be symmetrically made, usually of 
vertical side plates with flange angles. Web members shall be made of symmetrical 
sections. 

137. Camber—The length of members of truss spans shall besuch that the camber will 
be equal to the deflection produced by the combined dead and live loads without impact. 

138. Riveted Members in Pin-connected Trusses.—In pin-connected trusses, hip verti- 
cals (and members performing similar functions) and, in single track spans, the two panels 
at each end of the bottom chords shall be riveted members. 

139. Eye bars—The cross-sectional area of the head through the center of the pin hole 
shall exceed that of the body of the eye bar by at least 3744 per cent. The thickness of the 
bar shall be not less than one-eighth of the width nor less than 1 in., and not greater 
than 2in. The form of the head shall be submitted to the Engineer for approval before the 
bars are made. The diameter of the pin shall be not less than seven-eighths of the width of 
the widest bar attached. 

140. Packing.—The eye bars of a set shall be packed symmetrically about the plane of 
the truss and as nearly parallel as practicable, but in no case shall the inclination of any bar 
to the plane of the truss exceed }4¢ in. per foot. They shall be packed as closely as practi- 
cable. They shall be held against lateral movement, and arranged so that adjacent bars in 
the same panel will not be in contact. 

141. Gusset Plates—The thickness of gusset plates connecting the chords and web 
members of the truss shall be proportionate to the stress to be transferred, but shall not be 
less than }4-in. 

142. Facilities for Lifting Span.—Provision shall be made for lifting the span at the ends. 

143. Masonry Plates— Masonry plates shall not be less than 1 in. thick. 


(10) Viapucts 


144. Type of Viaduct.—Viaducts shall consist usually of alternate tower spans and free 
spans of plate girders or riveted trusses supported on bents. ‘The tower spans usually shall 
be not less than 30 ft. long. 

145. Bents and Towers.—Viaduct bents shall be composed preferably of two supporting 
columns, and the bents usually shall be united in pairs toform towers. Horizontal diagonal 
bracing shall be placed in all towers having more than two vertical panels at alternate inter- 
mediate panel points. In double track towers provision shall be made for the transmission 
of the longitudinal force to both sides. 

146. Single Bents—Where long spans are supported on short single bents, such bents 
shall have hinged ends, or else have their columns and anchorages proportioned to resist the 
bending stresses produced by changes in temperature. 

147. Bottom Struts.—The bottom struts of viaduct towers shall be proportioned for the 
calculated stresses, but in no case for less than one-fourth of the dead load reaction on one 
pedestal, considered as compressive stress. Provision shali be made in the column bearings 
for expansion of the tower bracing. 
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148. Batter—The columns usually shall have a batter transversely of one horizontal 
to six vertical for single track viaducts, or one horizontal to eight vertical for double track 
viaducts. 

149. Depth of Girders.—The depths of girders in viaducts preferably shall be uniform. 

150. Spacing of Girders.—In single track viaducts, the girder spacing usually shall be 
uniform throughout, and shall be determined by the spacing for the longest span in the 
viaduct, according to the rules specified for deck plate girder spans. 

151. In double track viaducts, the girders under each track usually shall be spaced 6 ft. 
6 in. between centers, and the inner lines of girders shall be supported by cross-girders 
framed between and riveted to the posts. 

152. Girder Connections and Bracing.—Girders of tower spans shall be fastened at each 
end to the tops of the posts or cross-girders. Girders between towers shall have one end 
riveted, and shall be provided with an effective expansion joint at the other end. No 
bracing or sway frame shall be common to abutting spans. 

153. If neither of the girders under a track rests directly over a tower post, bracing 
shall be provided to carry the longitudinal force into the tower bracing without producing 
lateral bending stress in the cross-girders or posts. 

154. Sole and Masonry Plates—Sole and masonry plates shall be not less than 34-in. 
thick. 

155. Anchorage for Towers—Anchor bolts for viaduct towers and similar structures 
shall be designed to engage a mass of masonry the weight of which is at least one and one- 
half times the uplift. 

(11) Marerrats! 


(a) STRUCTURAL AND Rivet STEEL 


156. Process.—Structural and rivet steel shall be made by the open-hearth process. 

157. Properties —Test specimens of structural and rivet steel shall (except as modified 
in Arts. 160, 163 and 164) conform to the following requirements as to chemical and physical 
properties: 


Srrucrurat Steet River STEEL 
Phosphorus, maximum 


OIG Aaah irs reih aia o14 k's S rears ae he Ra OnE Awe ae <a 0.06 per cent 0.04 per cent 
ABS FRESE Gh Sadan oor ghia. caves Mew este CV ple mene A 9. mink gers ai Satie rae Sree eae 0.04 per cent 0.04 per cent 
BAT yee) EA RIN ns oa aie dds wee 81s et Sine ae tes tater vucinateuale akcls eis 0.05 per cent 0.045 per cent 
APSHA S Uren ery LE. DOM BO, a. .s sicesuiits ares gina ae ae Gmina ere So 55,000 to 65,000 46,000 to 56,000 
Lipid Point, 1b, Her Pd, 10s, MOIMU cc. neh seh ee as on wien a eis 30,000 25,.000 
Elongation in 8 in., minimum, per cent..................eee0ee 1,500 ,000 1,500,000 
Tens. Str. Tens. Str. 


158. Ladle Analyses.—An analysis of each melt of steel shall be made by the manu- 
facturer to determine the percentages of carbon, manganese, phosphorus and sulphur. 
This analysis shall be made from a test ingot taken during the pouring of the melt. The 
chemical composition thus determined shall be reported to the Engineer. 

159. Check Analyses.—Analyses may be made by the Engineer from finished material 
representing each melt. The phosphorus and sulphur content thus determined shall not 
exceed that specified in Art. 157 by more than 25 per cent. 

160. Specimen Tension Tests of Eye-bar Material—lIn order to meet the minimum 
tensile strength of full size annealed eye bars required in Art. 284, the Contractor may deter- 
mine the tensile strength to be obtained in specimen tests, the range not to exceed 14,000 
Ib. per sq. in. and the maximum not to exceed 74,000 lb. per sq. in. The material shall 
conform to the requirements as to physical properties other than that of tensile strength 
as specified in Arts. 157, 163 and 166. 

161. Yield Point—The yield point shall be determined by the drop of the beam of the 
testing machine. 

162. Speed of Testing Machine.—The cross-head speed of the testing machine shall be 
such that the beam of the machine can be kept balanced, but in no case shall the values 
given in the following table be exceeded: 


1 Specifications for materials conform to A. S. T. M. Standards, Serials A7-16, A27-16 and A-48-*8 
except as to the yield point requirements and Arts. 178 and 179, and the footnote to Table IT. 
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Maximum cross-head speed (inches per minute) in determining 
Gage length of specimen: 


Yield point Tensile strength 


163. Modifications in Elongation.—For structural steel over 34 in. in thickness, a deduc- 
tion of one from the percentage of elongation in 8 in. specified in Art. 157 shall be made for 
each increase of }¢ in. in thickness above 34 in., to a minimum of 18 per cent. 

164. For structural steel under 54g in. in thickness, a deduction of 2.5 from the percent- 
age of elongation in 8 in. specified in Art. 157 shall be made for each decrease of 1{¢ in. in 
thickness below 54g in. 

165. Bend Tests—The test specimens for plates, shapes, and bars (except as speci- 
fied in Arts. 166, 167 and 168) shall bend cold through 180 degrees without cracking on the 
outside of the bent portion, as follows: 

(a) For material 34 in. or less in thickness, flat on itself. 

(b) For material more than 34 in. to and including 1}4 in. in thickness, around a pin the 
diameter of which is equal to the thickness of the specimen. 

(c) For material more than 1}4 in. in thickness, around a pin the diameter of which is 
equal to twice the thickness of the specimen. 

166. The test specimens for eye-bar flats shall bend cold through 180 degrees without 
cracking on the outside of the bent portion as follows: 

(a) For material 34 in. or less in thickness, around a pin the diameter of which is equal 
to the thickness of the specimen. 

(6) For material more than 34 in. to and including 1}4 in. in thickness, around a pin 
the diameter of which is equal to twice the thickness of the specimen. 

(c) For material more than 1}4 in. in thickness, around a pin the diameter of which is 
equal to three times the thickness of the specimen. 

167. The test specimens for pins, rollers and other bars, when prepared as specified in 
Art. 173, shall bend cold through 180 degrees around a 1-in. pin without cracking on the 
outside of the bent portion. 

168. The test specimens for rivet steel shall bend cold through 180 degrees flat on them- 
selves without cracking on the outside of the bent portion. 

169. Test Specimens.—Tension and bend test specimens shall be taken from rolled 
steel in the condition in which it comes from the rolls, except as specified in Art. 170. 

170. Tension and bend test specimens for pins and rollers shall be taken from the finished 
bars after annealing when annealing is specified. 

171. Tension and bend test specimens for plates, shapes and bars (except as specified in 
Arts. 172, 173 and 174) shall be of the full thickness of material as rolled. They may be 
machined to the form and dimensions shown in Fig. 4, or with both edges parallel, except 
that bend test specimens for eye-bar flats may have three rolled sides. 

172. Tension and bend test specimens for plates and tension test specimens for eye-bar 
flats more than 1)4 in. in thickness may be machined to a thickness or diameter of at least 
34 in. for a length of at least 9 in. 

173. Tension test specimens for pins, rollers, and bars (except eye-bar flats) over 114 in. 
in thickness or diameter may conform to the dimensions shown in Fig. 5. In this case, the 
ends shall be of a form to fit the holders of the testing machine in such a way that the load 
will be axial. Bend test specimensmay be1 X 4 in.insection. The axis of the specimen 
shall be located at any point midway between the center and surface and shall be parallel 
with the axis of the bar. 

Note.—The gage length, parallel portions and fillets shall be as shown, but the ends may 
be of any form which will fit the holders of the testing machine. 

174. Tension and bend test specimens for rivet steel shall be of the full-size section of the 
bars as rolled. 
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175. Number of Tests—One tension and one bend test shall be made from each melt, 
except that if material from one melt differs 2g in. or more in thickness, one tension and 
one bend test shall be made from both the thickest and the thinnest material rolled. 

176. If any test specimen shows defective machining or develops flaws, it may be dis- 
carded and another specimen substituted. 


‘ ” / | fParallet Section 
os Se aie * at 
[+ About S™+! wile less than 9S 
| ey ! 
i 
\ Pe 1 
t i 
‘ 
1 
t About 2” 
: : 
i 
“ay 
fF ol j | 
! was - ok. \ 
i ard eps 
ey ' 
' ede I ohete.oh a ' 
| Sey, : 
: k--—8'~—4 
: it 
‘ - 
e---- 2 eee -----—— About 18 —----- <= - = e=- —- 


Fie. 4. 


177. If the percentage of elongation of any tension test specimen is less than that speci- 
fied in Art. 157, and any part of the fracture is more than 34 in. from the center of the gage 
length of a 2-in. specimen or is outside the middle third of the gage length of an 8-in. speci- 
men, as indicated by scribe scratches marked on the specimen before testing, a retest shall 
be allowed. 

178. Character of Fracture.-—Test specimens of structural or rivet steel shall show a 
fracture of uniform silky or bluish gray appearance, entirely free from visible slag inclusions 
or other foreign substances. 
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179. Surface Defects —Finished rolled material shall be free from cracks, flaws, injurious 
seams, blisters, ragged and imperfect edges, and other surface defects. It shall have a 
smooth finish, and shall be straightened in the mill before shipment. 

180. Permissible Variations in Weight and Thickness——The cross-section or weight of 
each piece of steel shall not vary more than 2.5 per cent from that specified, except in the 
case of sheared plates, which shall be covered by the following permissible variations. 
One cubic inch of rolled steel is assumed to weigh 0.2833 Ib. 

(a) When ordered to weight per square foot, the weight of each lot in each shipment 
shall not vary from the weight ordered more than the amount givenin Table I. The term 
“lot”’ as applied to Table I means all of the plates of each group width and group weight. 

(b) When ordered to thickness, the thickness of each plate shall not vary more than 0.01 
in. under that ordered. The overweight of each lot in each shipment shall not exceed the 
amount givenin Table II. The term “‘lot’’ as applied to Table II means all of the plates of 
each group width and group thickness. 

181. Marking.—The name or brand of the manufacturer and the melt number shall be 
legibly stamped or rolled on all finished material, except that rivet and lattice bars and other 
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small sections shall, when loaded for shipment, be separated properly and marked for identi- 
fication. The identification marks shall be stamped legibly on the end of each pin and 
roller. The melt number shall be marked legibly by stamping if practicable, on each test 
specimen. 


TasiLEe I.—PERMISSIBLE VARIATIONS OF PLATES ORDERED TO WrIGHT 
ee ee 


Permissible variations in average weights per square foot of plates for widths 
given, expressed in percentages of ordered weights 


Ordered weight Under | 48 to | 60 to | 72 to | 84 to 96 to | 108 to | 120 to | 132 in. 


coed a af ee a NR Si Saye pas Warne cs bsp re eee he ee Gar 
i 
eiSlelsislSisiSls(Slel/Slei8]slsis{8 
615/6/5/6/5/6/5/6 15/6/1516 /8/18 18) S18 
erlestl Sai. piphice sind 5.0/3.0/5.5)/3.0\6.0|3.0|7.0/3.0 | 
5.0to 7.5, excl....| 4.5/3.0/5.0/3.0)5.5/3.0/6.0/3.0 
7.5 to 10.0, excl.... 4.0/3.0/4.513.0'5.0/3.0/5.5)3.0 6.0/3.0} 7.0/3.0) 8.0/3.0 
10.0 to 12.5, exol.... 3.5/2.5/4.0'3.0/4.5/3.015.013.0 5.5/3.0) 6.0/3.0] 7.0/3.0] 8.0/3.0) 9.0] 3 
12.5 to 15.0, excl....| 3.0/2.5/3.5|2.5|4.0/3.0/4.5|3.0] 5.0/3.0] 5.5/3.0] 6.0/3.0] 7.0/3.0] 8.0] 3 
15.0 to 17.5, excl....| 2.5/2.5/3.0/2.5/3.5/2.5/4.0/3.0] 4.5/3.0] 5.0/3.0] 5.513.0] 6.0/3.0] 7.0] 3 
17.5 to 20.0, exel....| 2.5/2.0/2.5|2.5/3.0/2.5/3.5/2.5] 4.0/3.0] 4.5/8.0] 5.0/3.0] 5.5/3.0] 6.0] 3 
20.0 to 25.0, excl....| 2.0|2.0}2.5/2.0/2.5/2.5/3.0/2.5) 3.5/2.5] 4.0/8.0] 4.5|3.0| 5.0/3.0] 5.5] 3 
25.0 to 30.0, excl....| 2.0/2.0)2.0/2.0\2.5/2.0/2.5|2.5| 3.0)2.5} 3.5/3.0] 4.0/3.0] 4.5/3.0] 5.0] 3 
30.0 to 40.0, excl.... 2.0/2.0/2.0/2.0)2.0/2.0/2.5/2.0 2.5/2.5] 3.0|2.5] 3.5/3.0] 4.0/3.0] 4.5] 3 
40 OF OVEl...«+. bate jas 2.0|)2.0/2.0/2.0/2.0/2.0/2.0/2.0) 2.5|/2.0| 2.5)2.5] 3.0/2.5] 3.5/3.0] 4.0] 3 


Note-——The weight per square foot of individual plates shall not vary from the ordered weight by 
more than 1}4 times the amount given in this table. 


Taste I].—PrERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS 


Permissible excess in average weights per square foot of plates for widths 
given, expressed in percentages of nominal weights 


Ordered thickness 


Ga.) 48 to 60 to 72 to 84 to 96 to | 108 to | 120 to | 132 in. 

Under | 60 in., | 72 in., | 84 in., | 96 in., | 108in.,|120in.,|132in.,| or 
<@. excl. excl. excl. |/ excl. excl, excl. excl, Over 

Under 9.0 10.0 12.0 14.0 

Se by 34.6) OEE) inc ass 3,0 8.0 9.0 10.0 12.0 

{ie to 4, excl......... 720 8.0 9.0 10.0 12.0 

4 to Ye, excl......... 6.0 TO 8.0 9.0 10.0 42.0 14 16 19 

Sig to 34, excl......... 5.0 6.0 160 8.0 9.0 10.0 12 14 17 

Ce Se ><) eee 4.5 5.0 6.0 7.0 8.0 9.0 10 12 15 

We to 8G; excl. .2 a. 4.0 4.5 5.0 6.0 7.0 8.0 9 10 13 

4 to 54, excl.......... 3.5 4.0 4.5 5.0 6.0 an 8 9 11 

B64 to 34; ekel ...< 2.6. ocle 3.0 3.5 4.0 4.5 5.0 6.0 7 8 9 

PRE La ici piebiewsa sae 2.5 3.0 3.5 4.0 4.5 5.0 6 Vd 8 

POEL OVOL. ots paiy, «.9/i0.0i0% ass 2.5 2.5 3.0 3.5 4.0 4.5 5 6 7 


Note.—The weight of individual plates ordered to thickness shall not exceed the nominal weight by 
more than 1} times the amount given in this table. 


(b) Cast Stern 


182. Process.—Cast steel shall be made by the open-hearth or the crucible process. 
183. Heat Treatment.—Castings shall be annealed. 
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184. Chemical and Physical Properties —Test specimens of cast steel shall conform to 
the following requirements as to chemical composition and tensile properties: 


a 


Min. ten. Min. yield Min. elon- | yin. redue- 


Elements considered strength, oint gation in . 
(lb. per db. per 2 in. yl 
8q. in.) sq. in.) (per cent) 


Sulphur not over 0.05 per cent. 


Phosphorus not over 0.05 per cent.......... 60,000 30,000 | 22 30 
' 


185. Ladle Analyses.—An analysis of each melt of steel shall be made by the manufac- 
turer to determine the percentages of carbon, manganese, phosphorus and sulphur. This 
analysis shall be made from drillings taken at least }4 in. beneath the surface of a test ingot 
obtained during the pouring of the melt. The chemical composition thus determined shall 
be reported to the Engineer. 

186. Check Analyses——Check analyses may be made by the Engineer from a broken 
tension or bend test specimen. The phosphorus and sulphur content thus determined shall 
not exceed that specified in Art. 184 by more than 20 per cent. Drillings for analysis shall 
be taken not less than 14 in. beneath the surface. 

187. Yield Point.—The yield point shall be determined by the drop of the beam of the 
testing machine. The speed of the machine shall conform to the requirements of Art. 162. 

188. Bend Test.—The test specimen shall bend cold through 120 deg. around a 1- 
in. pin without cracking on the outside of the bent portion. 

189. Test Specimens.—Sufficient test bars from which the test specimens required by 
Art. 192 may be selected, shall be attached to castings weighing 500 1b. or more, when the 
design of the castings will permit. If the castings weigh less than 500 lb. or are of sucha 
design that test bars cannot be attached, two test bars shall be cast to represent each melt. 
Test bars shall be annealed with the castings they represent. 

190. Tension test specimens shall conform to the dimensions shown in Fig. 6. 

191. Bend test specimens shall be machined to 1 in. X 14 in. in section with corners 
rounded to a radius not over }¥¢ in. 

192. Number of Tests ——One tension and one bend test shall be made from each anneal- 
ing charge. If more than one melt is represented in the annealing charge, one tension and 
one bend test shall be made from each melt. 

193.,If the percentage of elongation of any tension test specimen is Jess than that speci- 
fied in Art. 184 and any part of the fracture is more than 34 in. from the center of the gage 
length, as indicated by scribe scratches marked on the specimen before testing, a retest shall 
be allowed. 

194. If the results of the physical tests of any test lot do not conform to the requirements 
specified, the manufacturer may re-anneal such lot not more than twice and retests shall be 
made as specified in Art. 184. 

195. Workmanship and Finish at Foundry.—The castings shall conform substantially 
to the drawings and shall be made in a workmanlike manner. The castings shall be free 
from injurious defects. 

196. Inspection at Foundry.—Tests and inspection shall be made at the place of manu- 
facture prior to shipment, and shall be so conducted as not to interfere unnecessarily with 
the operation of the works. 

197. Rejection.—Castings which show injurious defects subsequent to their acceptance 
at the manufacturer’s works will be rejected, and the manufacturer shall be notified. 


(c) Cast IRon 


198. Process.—Cast iron shall be of tough gray iron, and shall be made by the cupola 
process. 

199. Finish.—Castings shall be true to pattern and free from excessive shrinkage. 
They shall be free from cracks, cold shuts, blow holes and other flaws. 

200. Chemical Composition.—The sulphur content of cast iron shall not exceed the 
following: 
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Light castings itbaera Dabs Meeccharere tua sui ApSuwies Ocke < 0.10 per cent 
Medium castings Rie Pua larets Wee ralnidtase +S ah as's,. 0d, asd Zain. a Ec acsiaiersa a 4 0.10 per cent 
Rie PER EA Tee er SG id Ba phils Geta rare cae an ore itm 0.12 per cent 


Drillings taken from the fractured ends of the transverse test bars shall be used for the 
sulphur determinations. One determination shall be made from each set of bars. 

201. Classification.—Castings shall be classified as light, medium and heavy. 

(a) Light castings are those having any section less than }4 in. thick. 

(6) Heavy castings are those having no section less than 2 in. thick. 

(c) Medium castings are those not included in either of the two classes above. 

202. Test Bar.—Tests shall be made on the “Arbitration Test Bar’’ of the American 
Society for Testing Materials, as shown by Fig. 1, Serial A 48-18. 

203. Tension Tests——Tension tests will be made only when specified by the Engineer 
and at the expense of the Company. 

204. Number of Tests—Two sets of two test bars each shall be cast from each melt 
in thoroughly dried green sand moulds, one set from the first iron poured and the other set 
from the last iron poured. Where the melt exceeds 20 tons, an additional set of two bars 
shall be cast from each additional 20 tons or fraction thereof. 

205. Transverse Tests——A transverse test of each bar cast shall be made. The load 
shall be applied at the middle, and the supports shall be spaced 12 in. apart. The load on 
the test bar at rupture shall be not less than the following: 


TEMG UBAMLIMINC Cet molt sila cates keke ce er ee eT ee ON ee 2,500 Ib. 
DAMEN CORLINER S206 Gano ees aoa Ok ce ee ORE Mes Peete Wey coe ee 2,900 Ib. 
FACOG ORAM oe ox ov oo ois vise che a he ate hie a aes Se aw WE ye TAS 3,300 lb. 


The deflection at rupture shall in no case be less than 0.10 in. The rate of application 
of the load shall be such that a central deflection of 0.10 is produced in from 20 to 40 seconds. 


(12) WorkKMANSHIP 


206. Class of Work.—The work shall be ‘‘Punched Work’’ or ‘‘Reamed Work’’ 
as stipulated. 

207. General—The workmanship and finish shall be equal to the best general practice 
in modern bridge shops. Material at the shops shall be kept clean and protected from the 
weather as far as practicable. 

208. Straightening Material—Rolled material, before being laid off or worked, must be 
straight. If straightening or flattening is necessary, it shall be done by methods that will 
not injure the material. Sharp kinks and bends may be cause for rejection. 

209. Finish—Shearing and chipping shall be neatly and accurately done and all 
portions of the work exposed to view shall be neatly finished. 

210. Punched Work.—In punched work, holes in material whose thickness is not greater 
than the diameter of the rivets plus }¢ in., may be punched full size. Holes in material of 
greater thickness shall be drilled. 

211. Reamed Work.—In reamed work, holes in material 7% in. thick and less, used for 
lateral, longitudinal and sway bracing, lacing, stay plates and diaphragms, may be punched 
full size. 

212. Holes im other material 34 in. thick and less, shall be sub-punched and reamed. 

213. Holes in material more than 34 in. thick shall be drilled. 

214. Punched Holes —Full size punched holes shall be 1g in. larger than the nominal 
diameter of the rivets. The diameter of the die shall not exceed the diameter of the punch 
by more than 39 in. If any holes must be enlarged to admit the rivets, they shall be 
reamed. Holes must be clean cut, without torn or ragged edges. Poor matching of holes 

“may be cause for rejection. 

215. Sub-Punched and Reamed Holes.—In sub-punched and reamed work, the holes 
shall be punched 34g in. smaller and, after assembling, reamed }4¢ in. larger than the nom- 
inal diameter of the rivet. The diameter of the punch used shall be 34g in. smaller than the 
nominal diameter of the rivet and the diameter of the die not more than 34 in. larger than 
the diameter of the punch. Outside burrs shall be removed with a tool making a }{¢-in. 
fillet. 
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216. Accuracy of Punching in Reamed Work.—In sub-punched and reamed work, the 
punching shall be so accurately done that, after assembling and before reaming, a cylindrical 
pin 4¢ in. smaller in diameter than the nominal size of the punched hole may be entered, 
perpendicular to the face of the member, without drifting, in at least 75 of any group of 100 
contiguous holes in the same plane. If this requirement is not fulfilled, the badly punched 
pieces shall be rejected. If any hole will not pass a pin 34g in. smaller in diameter than the 
nominal size of the punched hole, this shall be cause for rejection. 

217. Reaming After Assembling—Reaming shall be done after the pieces forming a built 
member are assembled and so firmly bolted together that the surfaces are in close contact. 
Before riveting, they shall be taken apart, if necessary, and any shavings removed. When 
it is necessary to take the members apart for shipping or handling, the respective pieces 
reamed together shall be so marked that they may be reassembled in the same position in 
the final setting up. Nointerchange of reamed parts will be permitted. 

218. Accuracy of Reaming and Drilling—When holes are reamed or drilled, 85 of any 
group of 100 contiguous holes in the same plane shall, after reaming or drilling, show no 
offset greater than 149 in. between adajcent thicknesses of metal. 

219. Reamed Holes.—Reamed holes shall be cylindrical, perpendicular to the member, 
and not more than 3% in. larger than the nominal diameter of therivets. Reamers prefer- 
ably shall not be directed by hand. Outside burrs shall be removed with a too] making a 
14¢-in. fillet. 

220. Drilled Holes.—Drilled holes shall be 4g in. larger than the nominal size of the 
rivet. Burrs on the outside surfaces shall be removed. 

221. Assembling for Drilling —Connecting parts requiring drilled holes shall be assem- 
bled and securely held together while being drilled. 

222. Shop Assembling.—The parts of riveted members shall be well pinned in firmly 
drawn together with bolts before riveting is commenced. The drifting done during assem- 
bling shall be only such as to bring the parts into position, and not sufficient to enlarge the 
holes or distort the metal. Surfaces in contact shall be painted. Bolts in field connection 
holes shall be left in place. 

223. Field Connections.—Solid floor sections shall be assembled to the girders or trusses, 
or to suitable frames, in the shop, and the end connections made to fit (103). 

224. In reamed work, riveted trusses and skew portals shall be assembled in the shop, 
the parts adjusted to line and fit, and the holes for field connections drilled or reamed while 
so assembled. Holes for other field connections, except those in lateral, longitudinal and 
sway bracing, shall be drilled or reamed in the shop with the connecting parts assembled, or 
else drilled or reamed to a metal template. 

225. In punched work, the field connections (except those in lateral, longitudinal and 
sway bracing) shill! be reamed to metal templates. 

226. Match-marking.—Connecting parts assembled in the shop for the purpose of ream- 
ing or drilling holes in field connections shall be match-marked, and a diagram showing such 
marks shall be furnished the Engineer. 

227. Rivets—The size of rivets called for on the plans shall be the size of the rivet 
before heating. 

228. Rivet heads, when not countersunk or flattened, shall be of approved shape and of 
uniform size for the same diameter of rivet. Rivet heads shall be full, neatly made, concen- 
tric with the rivet holes, and in full contact with the surface of the member. 

229. Riveting—Rivets shall be heated uniformly to a light cherry red and driven while 
hot. Rivets, when heated and ready for driving, shall be free from slag, scale and carbon 
deposit. When driven, they shall completely fill the holes. Loose, burned or otherwise 
defective rivets shall be replaced. In removing rivets, care shall be taken not to injure the 
adjacent metal, and, if necessary, they shall be drilled out. Caulking or re-cupping will not 
be permitted. 

230 Rivets shall be driven by direct-acting riveters where practicable. The riveters 
shall retain the pressure after the upsetting is completed. 

231. When necessary to drive rivets with a pneumatic riveting hammer, a pneumatic 
bucker shall be used for holding up, when practicable. 

232. Field Rivets —Field rivets shall be furnished in excess of the nominal number 
required to the amount of 15 per cent plus ten rivets, for each size and length. 
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233. Field rivets shall be carefully selected, and shall be free from fins on the under side 
of the head. 

234. Turned Bolts——Where turned bolts are used to transmit shear, the holes shall 
be reamed parallel and the bolts shall make a tight fit with the threads entirely outside of 
the holes. A washer not less than }4 in. thick shall be used under each nut. 

235. Planing Sheared Edges.—Sheared edges of material more than 5¢ in. in thickness 
and carrying calculated stress shall be planed to a depth of 14 in. Re-entrant cuts shall be 
filleted before cutting. 

236. Lacing Bars.—The ends of lacing bars shall be neatly rounded, unless otherwise 
called for. 

237. Fit of Stiffeners.—Stiffeners under the top flanges of deck girders and at all bearing 
points shall be milled or ground to bear against the flange angles. Other stiffeners must fit 
sufficiently tight against the flange angles to exclude water after being painted. Fillers and 
splice plates shall fit within 14 in. at each end. 

238. Web plates.—Web plates of girders which have no cover plates may be ) in. 
above or below the backs of the top flange angles. Web plates of girders which have cover 
plates may be }4 in. less in width than the distance back to back of flange angles. 

239. When web plates are spliced, not more than 3-in. clearance between ends of plates 
will be allowed. ° 

240. Facing Floor Beams, Stringers and Girders.—Floor beams, stringers and girders 
having end connection angles shall be made of exact length after the connection angles are 
riveted. If facing is necessary, the thickness of the angles shall not be reduced more than 
14 in. at any point. 

241. Finished Members.—Finished members shall be true to line and free from twists, 
bends and open joints. 

242. Abuiting Joints.—Abutting joints in compression members, and girder flanges, and, 
where so specified on the drawings, in tension members, shall be faced and brought to an 
even bearing. Where joints are not faced, the opening shall not exceed }4 in. 

243. Eye bars.—Eye bars shall be straight, true to size, and free from twists, folds in 
the neck or head, and other defects. The heads shall be made by upsetting, rolling or forg- 
ing. Welding will not be allowed. The form of the heads will be determined by the dies in 
use at the works where the eye bars are made, if satisfactory to the Engineer. The thick- 
ness of the head and neck shall not overrun more than )¥¢ in. for bars 8 in. or less in 
width, 1 in. for bars more than 8 in. and not more than 12 in. in width, and 34¢ in. for bars 
more than 12 in. wide. 

244, Eye bars which are to be placed side by side in the structure shall be bored so 
accurately that, upon being placed together, the pins will pass through the holes at both 
ends at the same time without driving. Eye bars shall have both ends bored at the same 
time. 

245. Annealing.—Eye bars shall be annealed by heating uniformly to the proper tem- 
perature followed by slow and uniform cooling. Proper instruments shall be provided for 
determining at all times the temperature of the bars. 

246. Other steel which has been partially heated shall be properly annealed except where 
used in minor parts. 

247. Boring Pin Holes.—Pin holes shall be bored true to gage, smooth, straight, at right 
angles with the axis of the member and parallel with each other, unless otherwise required. 
The variation from the specified distance from outside to outside of pin holes in tension 
members, or from inside to inside of pin holes in compression members, shall not exceed 
1é9in. In built-up members the boring shall be done after the member is riveted. 

248. Boring Pins.—Pins larger than 9 in. in diameter shall have a hole bored longitu- 
dinally through the center of each not less than 2 in. in diameter. 

249. Pin Clearances.—The difference in diameter between the pin and the pin hole shall 
be %_ in. for pins up to 5 in. in diameter, and } 9 in. for larger pins. 

250. Pins and Rollers—Pins and rollers shall be accurately turned to gage and shall be 
straight, smooth and free from flaws. 

251. Screw Threads—Screw threads shall make close fits in the nuts and shall be U. 8. 
Standard, except that for pin ends of diameters greater than 1 34 in., they shall be made with 
six threads to aninch. 

252. Welds.— Welds in steel will not be allowed, except to remedy minor defects. 
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253. Forging Pins.—Pins larger than 7 in. in diameter shall be forged and annealed. 

254. Bearing Surfaces Planed.—Tne top and the bottom surfaces of base and cap plates 
of columns and pedestals, except those in contact with masonry, shall be planed, or hot- 
straightened, and parts of members in contact with them shall be faced to fit. Connection 
angles for base plates and cap plates shall be riveted to compression members before the 
members are faced. 

255. Sole plates of plate girders shall have full contact with the girder flanges. Sole 
plates and masonry plates shall be planed or hot-straightened. Cast pedestals shall be 
planed on the surfaces in contact with steel and shall have the bottom surfaces resting on 
masonry rough finished. 

256. Pilot Nuts—Two pilot nuts and two driving nuts shall be furnished for each size of 
pin, unless otherwise specified. 


(13) WEIGHING AND SHIPPING 


257. Weight Paid For—The payment for pound price contracts shall be based on the 
scale weight of the metal in the fabricated structure, including field rivets shipped. The 
weight of the field paint and cement, if furnished, boxes and barrels used for packing, and 
material,used for staying or supporting members on cars, shall be excluded. 

258. Variation in Weight.—If the weight of any member is more than 24 per cent less 
than the computed weight, it may be cause for rejection. 

259. The greatest allowable variation of the total scale weight of any structure from 
the weights computed from the approved shop drawings shall be 114 percent. Any weight 
in excess of 114 per cent above the computed weight shall not be paid for by the Company. 

260. Computed W eight.—The weight of steel shall be assumed at 0.2833 lb. per cu. in. 

261. The weights of rolled shapes, and of plates, up to and including 36 in. in width, 
shall be computed on the basis of their nominal weights and dimensions, as shown on the 
approved shop drawings, deducting for copes, cuts and open holes. 

262. The weights of plates wider than 36 in. shall be computed on the basis of their 
dimensions, as shown on the approved shop drawings, deducting for cuts and open holes. 
To this shall be added one-half of the allowed percentages of overrun in weight given in 
Art 180. 

263. The weight of heads of shop driven rivets shall be included in the computed weight. 

264. The weights of castings shall be computed from the dimensions shown on the 
approved shop drawings, with an addition of 10 per cent for fillets and overrun. 

265. Weighing of Members.—Finished work shall be weighed in the presence of the 
Inspector, if practicable. The Contractor shall furnish satisfactory scales and do the hand- 
ling of the material for weighing. 

266. Marking and Shipping —Members weighing more than 5 tons shall have the weight 
marked thereon. Bolts and rivets of one length and diameter, and loose nuts or washers 
of each size, shall be packed separately. Pins, other small parts, and small packages of 
bolts, rivets, washers and nuts shall be shipped in boxes, crates, kegs or barrels, but the gross 
weight of any package shall not exceed 300 Ib. A list and description of the contained 
material shall be plainly marked on the outside of each package, box or crate. 

267. Long girders shall be so loaded and marked that they may arrive at the bridge 
site in position for erection without turning. 

268. Anchor bolts, washers and other anchorage or grillage materials shall be 
shipped in time for them to be built into the masonry. 


(14) SHor ParnTINe 


269. Shop Cleaning and Painting—Unless otherwise specified, steel work, after it has 
been accepted by the Inspector and before leaving the shop, shall be thoroughly cleaned 
and given one coat of approved paint, applied in a workmanlike manner and well worked 
into joints and open spaces. Cleaning shall be done with steel brushes, hammers, scrapers 
and chisels, or by other equally effective means. Oil, paraffin and grease shall be removed 
by wiping with benzine or gasoline. Loose dirt shall be brushed off with a dry bristle brush 
before the paint is applied. 
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270. Surfaces in Contact——Surfaces coming in contact shall be cleaned and given one 
coat of paint on each surface before assembling. 

271. Erection Marks.—Erection marks shall be painted on painted surfaces. 

272. Painting in Damp or Freezing Weather—Painting shall not be done in damp or 
freezing weather except under cover, and the steel must be free from moisture or frost when 
the paint is applied. Material painted under cover in damp or freezing weather shall be 
kept under cover until the paint is dry. 

273. Mixing of Paint.—Paint shall be thoroughly mixed before applying, and the pig- 
ments shall be kept in suspension. 

274. Machine Finished Surfaces—Machine finished surfaces of steel (except abutting 
joints and base plates) shall be coated with white lead and tallow, applied hot as soon as 
the surfaces are finished and accepted by the Inspector. 


(15) Mizz anp SuHop INspecrion 


275. Facilities for Inspection.—F acilities for inspection of material and workmanship in 
the mill and shop shall be furnished by the Contractor to the Inspectors, and the Inspectors 
shall be allowed free access to the necessary parts of the premises. 

276. Mull Orders and Shipping Statements ——The Contractor shall furnish the Engineer 
with as many copies of material orders and shipping statements as the Engineer may direct. 
The weights of the individual members shall be shown. 

277. Notice of Rolling—The Contractor shall give ample notice to the Engineer of the 
beginning of rolling at the mill, and of work at the shop, so that inspection may be provided. 
No material shall be rolled nor work done before the Engineer has been notified where the 
orders have been placed. 

278. Cost of Testing —The Contractor shall furnish, without charge, test specimens, 
as specified herein, and all labor, testing machines and tools necessary to make the specimen 
and full size tests. 

279. Inspector’s Authority—The Inspector shall have the power to reject materials or 
workmanship which do not come up to the requirements of these specifications; but in cases 
of dispute, the Contractor may appeal to the Engineer, whose decision shall be final. 

280. Rejections—The acceptance of any material or finished members by the Inspector 
shall not be a bar to their subsequent rejection, if found defective. 

281. Rejected material and workmanship shall be replaced promptly or made good by 
the Contractor. 


(16) Fuut-sizz Tests 


282. Full-size Tests of Eye bars.—The number and size of the bars to be tested shall be 
stipulated by the Engineer before the mill order is placed. The number shall not exceed 
5 per cent of the whole number of bars ordered, with a minimum of two bars on small orders. 

283. The test bars shall be of the same section as the bars to be used in the structure and 
of the same length if within the capacity of the testing machine. They shall be selected by 
the Inspector from the finished bars preferably after annealing. Test bars representing 
bars too long for the testing machine shall be selected from the full length bar material 
after the heads on one end have been formed and shall have the second head formed upon 
them after being cut to the greatest length which can be tested. 

284. Full-size tests of eye bars shall show a yield point of not less than 29,000 lb. per sq. 
in., an ultimate strength of not less than 54,000 lb. per sq. in., and an elongation of not less 
than 10 per cent in a length of 20 ft. measured in the body of the bar. The fracture shall 
show a silky or finely granular structure throughout. 

285. If a bar fails to meet the requirements of Art. 284, two additional bars of the same 
size and from the same mill heat shall be tested. If the failure of the first test bar is on 
account of the character of the fracture only, the bars represented by the test may be rean- 
nealed before the additional bars are tested. 

286. If two of the three bars tested fail, the bars of that size and mill heat shall 
be rejected. 

287. A failure in the head of a bar shall not be cause for rejection if the other 
requirements are fulfilled. 
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288. A record of the annealing charges shall be furnished the Engineer showing the bars 
included in each charge and the treatment they receive. 

289. Bars thus tested which meet the requirements of the specifications shall be paid for 
by the Company at the same unit prices as the structures. Bars which fail to meet the 
requirements of the specifications, and all bars rejected as a result of tests, shall be at the 
Contractor’s expense. 
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SPECIFICATIONS FOR STEEL Raibway BripGEs 


(For Fixed Spans Not Exceeding 400 Ft. in Length) 
AMERICAN RAILWAY ENGINEERING ASSOCIATION 
1941 


Nore: Only those articles to which reference is made in Section 3 are given in this Appendix. All 
other articles in the 1941 Specifications are either the same or similar to those of the 1920 specifications. 


102. Types of Bridges.—The preferred types of bridges are as follows: 


Rolled beams for spans up to 50 ft. 

Plate girders for spans up to 125 ft. 

Riveted trusses for spans 100 ft. or longer. 
Pin-connected trusses for spans 300 ft. or longer. 


104. Depth Ratios.—The depth of trusses preferably shall be not less than one-tenth 
of the span. The depth of plate girders preferably shall be not less than one-twelfth of 
the span. The depth of rolled beams used as girders and the depth of solid floors preferably 
shall be not less than one-fifteenth of the span. 
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109. Floor.—Timber cross ties shall be not less than 10 ft. long, and spaced not more than 
6 in. apart. They shall be secured against bunching. 

202. Dead Load.—In estimating the weight for the purpose of computing dead load 
stresses, the following unit weights shall be used: 


Pounds per 


Cubie Foot 
es ee ee ee ee tN a retaleig a RE MCE A 18 5ia e oKe 8H 490 
NERO AV crt at Met ORE an east caw fctirial he dea oie cine eueaLd WEL IV 150 
Mana ctavel, and DAUASt.... ance alain velsln sce setae Fe nie eee oF Av 120 
Asphalt-mastic and bituminous macadam............++sseeeeeeeeees 150 
PITRE renee AEM LAT «tun. i cad leh ar aiin gighal Abtule Week ara hme Ree a ars, MOND oT 170 
le2ep iif ove TO< ohaghas Kel eR ser er ete A CA its tty eR Rea 150 
Taner] Say he elk Bre ae CERES OIL ea RO toni a artic acn: abt Carer 60 


The track rails, inside guard rails, and fastenings shall be assumed to weigh 200 lb. 
per lineal foot for each track. 

203. Live Load.—The recommended live load for each track is the Cooper’s E-72 load 
shown in Fig. 1. 

The Engineer shall specify the live load to be used, such load to be proportional to 
the recommended load, with the same axle spacing. 
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For bridges on curves, provision shall be made for the increased proportion carried 
by any truss, girder, or stringer due to the eccentricity of the load. 

For members receiving load from more than one track, the proportions of full live 
load on the tracks shall be as follows: 


For two tracks, full live load. 
For three tracks, full live load on two tracks and one-half on the other track. 
For four tracks, full live load on two tracks, one-half on one track, and one-fourth 


on the remaining one. 


The selection of the tracks for these proportions shall be such as will give the greatest 
live load stress. 

204. Distribution of Live Load.—Floor beams that are spaced close enough to carry the 
track loads without stringers shall be designed for a proportion of the axle load equal to the 
ratio of the floor beam spacing to the axle spacing. The floor beams shall be connected 
by solid-web diaphragms at intervals not exceeding twelve times the flange width, with at 
least one diaphragm for each track. 

206. Impact.—To the maximum computed static live load stresses, there shall be 
added the impact, consisting of: 

a. The Rolling Effect.—The rolling effect is due to the rolling of the live load from side 
to side. It shall be taken as increasing the static live load on one rail by 20 per cent, with 
an equal decrease on the other rail. These loads shall be distributed to the supporting 
members. 

b. The Direct Vertical Effect—With steam locomotives (hammer blow, track irregulari- 
ties, and car impact), a percentage of the static live load stress equal to: 


Por 1 less than) GO Lbss. Gaat. UeeS severe obttetn a @ipare. Gee 100 — 0.60L 
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With electric locomotives (track irregularities and car impact), a percentage of the 
static live load stress equal to 360 + 12.5. 
L = length, in feet, center to center of supports for stringers, longitudinal girders, and 
trusses (chords and main members). 
or, L = length of floor beams or transverse girders, in feet, for floor beams, floor beam 
hangers, subdiagonals of trusses, transverse girders, and supports for transverse 
girders. 
207. For members receiving load from more than one track, the impact percentage 
shall be applied to the static live load on the number of tracks shown below: 
Load received from: 


Two tracks: 

For LZ less than 175 ft.................. Full impact on two tracks. 

For L from 175 feet to 225 ft........... Full impact on one track and a 
percentage of full impact on 
the other as given by the 
formula, 450 — 2L. 

For L greater than 225 ft............... Full impact on one track and 
none on the other. 

More than two tracks: 
For all values of Z..................... Full impact on any two tracks. 


208. Centrifugal Force.—On curves, the centrifugal force in percentage of the live load 
is 0.00117S?D. 

S = speed in miles per hour. 

D = degree of curve. 

It shall be assumed to act 6 ft. above the rail and shall be taken without impact. 

The table below gives the permissible speeds and the corresponding centrifugal force 
percentages for curves with the amounts of superelevation shown. It is based on a maxi- 
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mum speed of 100 miles per hour and a maximum superelevation of 7 in., resulting in a 
maximum centrifugal force of 17.5 per cent. 


D E Ss iC D E S C 
0°-10’ 100 1.95 2°-30’ 7 77 17.5 
0°-20' 100 3.90 3°-00’ i 71 17.5 
0°-30’ 0.33 100 5.85 °-30’ fi 65 17.5 
0°-40’ 1.44 100 7.80 4° 7f 61 17.5 
0°-50’ 2.56 100 9.75 5° th 55 17.5 
1°-00’ 3.67 100 ala Beor¢ 6° (4 50 17.5 
19-15’ 5.33 100 14.6 8° fi 43 17.5 
1°-30' 7 100 1G26 10° ve 39 Lise: 
1°-45’ 7 93 Vay 15° 7s 32 17.5 
2°-00’ 6 87 17.5 20° 7 27 a Gas 
29-15’ Z 82 17.5 
D = degree of curve. C =0.00117S2D = 1.755(E + 3) 

E = superelevation in inches. =~2, 8D _». _C — 5.265 
3 1,000 1.755 

S = permissible speed in miles per hour. 

C = centrifugal force in percentage of the fs Be te (EZ + 3) 


live load. 


If the conditions at the site restrict the permissible speeds to less than those shown 
in the table, the centrifugal force percentage shall be taken for the greatest speed expected. 

209. Wind on Loaded Bridge.—The wind force shall be considered as a moving load 
acting in any horizontal direction. On the train it shall be taken at 300 lb. per linear foot 
on one track, applied 8 ft. above the top of rail. On the bridge it shall be taken at 30 lb. 
per square foot of the following surfaces: 

(a) For girder spans, one and one-half times the vertical projection of the span. 

(b) For truss spans, the vertical projection of the span plus any portion of the leeward 
trusses not shielded by the floor system. 

(c) For viaduct towers and bents, the vertical projections of all columns and tower 
bracing. 

The wind force on girder spans and truss spans, however, shall not be taken at less than 
200 lb. per linear foot for the loaded chord or flange, and 150 lb. per linear foot for the 
unloaded chord or flange. 

210. Wind on Unloaded Bridge.—If a wind force on the unloaded bridge of 50 lb. per 
square foot of surface as defined in Art. 209, combined with the dead load, produces greater 
stresses than those produced by the wind forces specified in Art. 209 combined with the 
stresses from dead load, live load, impact, and centrifugal force, the members wherein such 
greater stresses occur shall be designed therefor. 

214. Longitudinal Force.—The longitudinal force resulting from the starting and 
stopping of trains shall be the larger of 

(a) Force due to braking: 15 per cent of the live load without impact. 

(b) Force due to traction: 25 per cent of the weight on the driving wheels, without 
impact. 

The longitudinal force shall be taken on one track only and shall be assumed to act 
6 ft. above the top of the rail. 

For bridges where, by reason of continuity of members or frictional resistance, much 
of the longitudinal force will be carried directly to the abutments (such as ballasted deck 
bridges of only 3 or 4 spans), only }4 of the longitudinal force shall be considered effective. 

215. Reversal of Stress—Members subject to reversal of stress (whether axial, bend- 
ing, or shearing) during the passage of the live load shall be proportioned as follows: 
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Determine the maximum stress of one sign and the maximum stress of the opposite 
sign and increase each by 50 per cent of the smaller. Proportion the member so that it 
will be capable of resisting either stress so increased. The connections shall be proportioned 
for the sum of the maximum stresses. 

218. Secondary Stresses.—The design and details shall be such that secondary stresses 
will be as small as practicable. Secondary stresses due to truss distortion or floor beam 
deflection usually need not be considered in any member the width of which, measured 
parallel to the plane of distortion, is less than one-tenth of its length. If the secondary 
stress exceeds 4,000 lb. per square inch for tension members and 3,000 lb. per square inch 
for compression members, the excess shall be treated as a primary stress. 


Ill. UNIT STRESSES 


301. Unit Stresses.—The allowable unit stresses to be used in proportioning the parts 
of a bridge shall be as follows: 


Pounds per 
Square Inch 
(a) Structural and rivet steel: 
Axial tension, structural steel, net section............ 18,000 
Tension in extreme fibers of rolled shapes, girders, and 
built sections, subject to bending.................-. 18,000 - 
Axial compression, gross section: 
For stiftenersof plate: girderso: a.:..5-<0-~ + se vce ese 18,000 
For compression members centrally loaded and with 
values of Ly not greater than 140: 
Rivetedendsa. 510: 05 ass seek eee tenes tee wee 15,000 — a 
4r2 
: iz 
Put Gs vou: cues gue oad Red bev ees cree eee eae eee GS aes 
3r? 
it = length of member, in inches. 
r = least radius of gyration of member, in inches. 
For compression members with values of greater 
than 140 and for compression members of known 
eccentricity, see Appendix A. 
Compression in extreme fibers of rolled shapes, girders, 
and built sections, subject to bending (for values of 3 
TiS EL OGLE COAL SU) a0 bieancasus pesiere chet dapanctees foiiokaies 18,000 — 5B 
l= length, in inches, of unsupported flange 
between lateral connections or knee braces. 
b = flange width, in inches. 
Diagonal tension in webs of girders and rolled beams at 
sections where maximum shear and bending occur 
Risrubltaneously i060 ol oy BOs ete ee Cree 18,000 
Stress in extreme fibers of piss ei.c4 oe Gee eee ee. 27,000 
Shear in plate girder webs, gross section.............. 11,000 
Shear in power-driven rivets and pins................ 13,500 
Shear in turned bolts and hand-driven rivets.......... 11,000 
Bearing Ong s ratty A. ea Ok a, Si el i 24,000 
Bearing on power-driven rivets, milled stiffeners, and 
other steel parte in contacts: hee eee eee 27,000 
Rivets driven by pneumatically or electrically 
operated hammers are considered power-driven. 
Bearing between rockers and rocker pins............. 12,000 
Bearing on turned bolts and hand-driven rivets....... 20,000 


Bearing on expansion rollers and rockers, pounds per 
lineal inch: 
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, 3 p — 138,000 
For diameters up to 25 inches. .. 30,000 600d 


For diameters from 25 inches 


: p — 13,000 = 
to 125 inches............ 0,000 ~ 3000 Vd 
d = diameter of roller or rocker, in inches. 
p = yield point in tension of the steel in the roller 


or the base, whichever is the lesser. 
(t) Cast steel: 

For cast steel, the allowable unit stresses in compression 
and bearing shall be the same as those for structural 
steel. Other allowable unit stresses shall be 34 of 
those for structural steel. 

(c) Masonry: 
Bearing pressure: 


RETEST ES TCR Cae ne oe ee oe ets, es ee AR 800 
ROM NCHEMIA Meche Bete ee A Reichman eyed al vot 600 
PANOELONE ANG TUNECALONON.-. 5-050, e de § vialalera es adaitowns 400 


(d) Timber cross ties: 
Extreme fiber stress in bending: 


Yellow pine, dense structural grade................ 1,500 
Douglas fir, close grain structural grade............ 1,400 
RN rea Pdf one Up Hels Rates 2 2s » Se pu tee Neen a ge 1,200 
White pine, Norway pine, and spruce.............. 800 


In computing the stress in timber cross ties, the 
wheel load shall be considered as distributed over 
three ties and as applied without impact. 


405. Compression Members.—Compression members shall be so designed that the 
main elements of the section will be connected directly to the gusset plates, pins, or other 
members. 

Built-up sections shall be so arranged that the center of gravity will coincide as nearly 
as practicable with the center line of the section. Preferably the segments shall be con- 
nected by solid webs. 

In members consisting of segments connected by cover plates or lacing, or segments 
connected by webs, and which members receive their full allowable unit stress, the thick- 
ness of the webs of the segments shall be not less than 4,9 of the unsupported distance 
between the nearest lines of their connecting rivets or the roots of their rolled flanges. 
The thickness of the cover plates or of the webs connecting the segments shall be not less 
than 149 of the unsupported distance between the nearest lines of their connecting rivets 
or the roots of their rolled flanges. For such members in which the stress is less than that 


allowable, the denominators 32 and 40 may be multiplied by the factor V p/f. 


p = the allowable unit stress. 

f = the unit stress in the member. 

409. Net Section.—The net section of a riveted tension member is the sum of the net 
sections of its component parts. The net section of a part is the product of the thickness 
of the part multiplied by its least net width. 

The net width for any chain of holes extending progressively across the part shall 
be obtained by deducting from the gross width the sum of the diameters of all the holes 
in the chain and adding, for each gage space in the chain, the quantity, 


8? 
49 
s = pitch of any two successive holes in the chain. 


g = gage of the same holes. 
The net section of the part is obtained from that chain which gives the least net width. 


For angles, the gross width shall be the sum of the widths of the legs less the thickness. 
The gage for holes in opposite legs shall be the sum of the gages from back of angle less 


the thickness. 
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For splice members, the thickness shall be only that part of the thickness of the member 
which has been developed by rivets beyond the section considered. 

The diameter of the hole shall be taken as 14 inch greater than the nominal diameter of 
the rivet. 

412. Pitch of Rivets.—The pitch in the direction of stress for members composed of 
plates and shapes shall not exceed seven times the diameter of the rivets except for web 
stitch rivets. 

At the ends of built compression members, the pitch in the direction of stress shall not 
exceed four times the diameter of the rivets for a distance one and one-half times the width 
of the member. 

420. Lacing.—Lacing bars of compression members shall be so spaced that the slender- 
ness ratio of the portion of the flange included between the lacing bar connections will be 
not more than 40 nor more than 24 of the slenderness ratio of the member. 

In compression members, the shearing stress normal to the member in the plane of 
the lacing shall be that obtained by the following formula, 


l 
Vue’ 100 a 
100 : io 100 


normal shearing stress. 

allowable compressive axial load on member. 

length of member, in inches. 

radius of gyration of section about the axis perpendicular to plane of lacing 
in inches. 

To the shear so determined shall be added any shear due to the weight of the member 
or to other forces, and the lacing proportioned for the combined shear. 

The shear shall be considered as divided equally among all parallel planes in which 
there are shear-resisting elements, whether continuous plates or lacing. The section of 
the lacing bars shall be determined by the formula for axial compression in which J is 
taken as the distance along the bar between its connections to the main segments for 
single lacing, and as 70 per cent of that distance for double lacing. 

If the distance across the member between rivet lines in the flanges is more than 15 
in. and a bar with a single rivet in the connection is used, the lacing shall be double and 
riveted ‘at the intersections. 

The angle between the lacing bars and the axis of the member shall be approximately 
45 deg. for double lacing and 60 deg. for single lacing. 

Lacing bars may be shapes or flat. bars. For main members the minimum thickness 
of flat bars shall be 1409 of the distance along the bar between its connections for single 
lacing, and 469 for double lacing. For bracing members, the limits shall be 9 for 
single lacing and 445 for double lacing. 

The diameter of the rivets in lacing bars shall not exceed 14 of the width of the bar. 
There shall be at least two rivets in each end of lacing bars riveted to flanges more than 
5 in. in width. 

425. End-connection Angles.—The connection angles for stringers, floor beams, and 
beams in solid floor sections shall be not less than 4 in. in width and 14 in. in finished 
thickness. 

For stringers, the gage of the outstanding legs of the connection angles over the top 


> | aU 
ll 


ll 


one-third of the stringer depth shall be not less than the quantity NE 


l = length of stringer span, in inches. 

t = thickness of angle, in inches. 

426. Proportioning Plate Girders.—Plate girders, I-beams, and other members subject 
to bending that produces tension on one face, shall be proportioned by the moment-of- 
inertia method. The neutral axis shall be taken along the center of gravity of the gross 
section. The tensile stress shall be computed from the moment of inertia of the entire net 
section and the compressive stress from the moment of inertia of the entire gross section. 
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427. Flange Section.—In order to offset the effects of corrosion and the possible crooked- 
ness of the compression flange of a plate girder or a rolled beam, the gross section of the 
compression flange shall not be less than the gross section of the tension flange. 

Flanges of plate girders preferably shall be made without cover plates or side plates 
unless angles of greater section than 6 by 6 by 7 in. would otherwise be required. 

Cover plates shall be equal in thickness or shall diminish in thickness from the flange 
angles outward. No plate shall be thicker than the flange angles. When cover plates 
are used, at least one plate on each flange shall extend the full length of the girder. Othes 
flange plates shall extend far enough to allow two rows of rivets at each end of the plate, 
beyond the theoretical end, and there shall be enough rivets to develop the plate between 
its end and the theoretical end of the next plate outside. 

In through bridges, there shall be end and corner cover plates. 

431. Thickness of Web Plates.—The thickness of the webs of plate girders shall be not 
less than 479 of the clear distance between the flanges, except that if the extreme fiber 
stress in the compression flange is less than that allowable, the denominator 170 may be 


multiplied by the factor 42. 


p = the allowable extreme fiber stress. 

jf = the extreme fiber stress in the compression flange. 

433. Intermediate Stiffeners.—If the depth of the web between the flanges of side plates 
of a plate girder exceeds sixty times its thickness, it shall be stiffened by pairs of angles 
riveted to the web. The clear distance between stiffeners shall not exceed 72 in. or that 
given by the formula: 


gq = 255000¢ HE 
S a 

= clear distance between stiffeners, in inches. 

= thickness of web, in inches. 

clear depth of web between flanges or side plates, in inches. 

= unit shearing stress, gross section, in web at point considered. 

The width of the outstanding leg of each angle shall be not more than sixteen times its 

thickness and not less than 2 in. plus 149 of the depth of the girder. 

434. Bracing of Top Flanges of Through Girders.—The top flanges of through plate 
girders shall be braced at the panel points by brackets with web plates. The brackets 
shall extend to the top flange of the main girder and be as wide as the clearance will allow. 
They shall be attached securely to a stiffener angle on the girder and to the top flange of 
the floor beam. On solid floor bridges the brackets shall be not more than 12 ft. apart. 

435. Lateral Bracing.—There shall be bottom lateral bracing in all spans except deck 
spans less than 50 ft. long. There shall be top lateral bracing in all deck spans and in, 
through spans that have enough headroom. 

If the construction of the floor is such as to afford the specified lateral resistance, the 
floor shall be taken as the lateral bracing required in its plane. : 

436. Portal and Sway Bracing.—In through truss spans there shall be portal bracing, 
with knee braces, as deep as the clearance will allow. There shall be sway bracing at the 
intermediate panel points if the trusses are high enough to allow a depth of 6 ft. or more for 
such bracing. If they are not high enough to allow that depth, the top lateral struts shall 
be of the same depth as the chord, and there shall be knee braces as deep as the clearance 
will allow. 

In deck truss spang there shall be sway bracing at the panel points. The top lateral 
forces shall be carried to the supports by means of a complete system of bracing in the 
planes of the top chords and the main end posts. 

437. Rigid Bracing.—Lateral bracing shall be rigid, and there shall be not less than three 
rivets in each end connection. 

If the bracing is a double system and the members meet the requirements for both 
tension and compression members, both systems may be considered effective simultaneously. 

438. Cross Frames.—In deck plate girder spans there shall be cross frames at the ends 
and at intervals not exceeding 18 ft. The end frames shall be proportioned for the centrif- 


ugal and lateral forces. 
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If there are two lines of stringers under each track in panels more than 20 ft. in length, 
they shall be connected by cross frames. 

440. Eyebars.—The thickness of eyebars shall be not less than 1 in. or more than 2 in. 
The section of the head through the center of the pinhole shall exceed that of the body of 
the bar by at least 35 per cent. The form of the head shall be submitted to the Engineer 
for approval before the bars are made. The diameter of the pin shall be not less than 
840 of the width of the widest bar attached. 

444, Rollers.—Expansion rollers may be either cylindrical or segmental and shall be 
not less than 6 in. in diameter. They shall be coupled together with substantial side bars 
and geared to the upper and lower plates. The roller nest shall be so designed that the 
parts may be cleaned readily. 
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STANDARD SPECIFICATIONS FOR STEEL FOR BRIDGES AND BUILDINGS 
AMERICAN SOCIETY FOR TESTING MATERIALS 


(A.S.T.M. Designation A7-39) 


1. Scope.—These specifications cover carbon-steel of structural quality for use in the 
construction of bridges and buildings and for general structural purposes. 

2. Castings, Rivet Steel, Forgings.—For use with steel purchased under these Sea: 
cations, the following standards of the American Society for Testing Materials shall apply: 

a. Steel Castings —The Standard Specifications for Carbon-Steel Castings for Miscel- 
laneous Industrial Uses (A.S.T.M. Designation: A27)! shall govern the purchase of steel 
castings for bridges and buildings. Unless otherwise specified, grade B-1 castings, fully 
annealed, shall be used. 

b. Structural Rivet Steel—Unless otherwise specified, the Standard Specifications for 
Structural Rivet Steel (A.S.T.M. Designation: A141)? shall govern the purchase of 
rivets. 

c. Forgings.—The Standard Specifications for Carbon-Steel and Alloy-Steel Forgings 
(A.S.T.M. Designation: A18)* may also be used for forgings. 

3. Structural Bolts.—Unless otherwise specified, bolts to be employed in permanent 
connections between parts fabricated of steel purchased under these specifications shall be 
subject to the requirements of Section 9a for minimum tensile strength (to be taken on the 
area at root of thread) and to the requirements of Section 10 for cold bend (to be taken on 
the unthreaded portion of the bolt), and shall be exempt from further requirements. 

4. Rolled Base Plates.— Rolled base plates over 2 in. in thickness for bearing purposes 
shall be open-hearth or electric-furnace steel containing 0.20 to 0.35 per cent carbon. The 
chemical composition shall also conform to the requirements specified in Section 6. A 
sufficient discard shall be made from each ingot to secure sound plates. Physical tests 
shall not be required for this material. 

5. Process.—a. The steel, except as may be specified in Paragraph b, shall be made by 
either or both of the following processes: open-hearth or electric-furnace. 

b. Steel for plates and sections 74 ¢ in. and under in thickness, intended for use in build- 
ings and other structures subject to static loads only, may be made by the acid-bessemer 
process, unless otherwise specified. 

6. Chemical Composition.—The steel shall conform to the following requirements as 
to chemical composition: 


Phosphorus, max., per cent: 
Open-hearth or electric-furnace: 


SRA oa ee Br ea ce aS ee Sa al atiadl pian iv ae 0.06 

ES ELL CR an 5 1 Pee te ee hae Rest ol ae ER o* ale 6x9 G6 Kera.ie!'s RvR nelle 0.04 

LAE Oy Oe Fe re es ean Be er et ae ee er 0.10 
Sulfur, max., per cent (open-hearth or electric-furnace).............. 0.05 
Copper, when copper steel is specified, min., per cent................ 0.20 


7. Ladle Analysis.—a. An analysis of each melt of open-hearth or electric-furnace steel 
shall be made to determine the percentages of carbon, manganese, phosphorus, and sulfur; 
also copper when copper steel is specified. 


11939 Book of A.S.T.M. Standards, Part I, p. 218. 
2 Thid., p. 35. 
3 Tbid., p. 184. 
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b. A carbon determination, and a copper determination when copper steel is specified, 
shall be made of each melt of bessemer steel, and determinations for manganese, phos- 
phorus, and sulfur representing the average of the melts applied for each 8-hr: period. 

c. The analyses prescribed in Paragraphs a and 6 shall be made by the manufacturer 
from test ingots taken during the pouring of the melts. The chemical composition thus 
determined shall be reported to the purchaser or his representative, and the percentages of 
phosphorus and sulfur, also copper when copper steel is specified, shall conform to the 
requirements specified in Section 6. 

8. Check Analysis.—An analysis may be made by the purchaser from finished material 
representing each melt. The phosphorus and sulfur content thus determined shall not 
exceed that specified in Section 6 by more than 25 per cent. 

9. Tensile Properties.—a. The material, except as specified in Sections 3 and 4 and 
Paragraphs b and d of this section, shall conform to the following requirements as to tensile 
properties: 


| 
Plates, sections, , | Eyebar flats, 
and bars unannealed * 
| 
ROUSING SELON MUN, P08 Uae nye mic icine cent ees 60,000 to 72,000 67,000 to 82,000 
Wield pormtlimite, pistes: Hee yee ee 0.5 tens. str. 0.5 tens. str. 
Dati ease less than. es... 3A. OS 33,000 36,000 
Elongation in 8 in., min., per cent........... 1,500,000 1,500,000F 
tens. str. tens. str. 
Elongation in 2 in., min., per cent........... 22 20 


* These requirements apply when full-size tests of annealed eyebars are not specified. 
See Paragraph (bd). 
+ See Paragraphs (f) and (g). 


b. When finished eyebars are subject to full-size tests, the physical properties required 
for specimen tests of the eyebar flats unannealed shall be determined by the manufacturer 
of the eyebars. 

c. When full-size tests are specified for finished, annealed eyebars, they shall conform 
to the‘following requirements as to tensile properties: 


WPOnBite strenweul. Mis” Dili. cack coe etn be ee ce eee bie coer 60,000 
WY FELL OL Gy UN MEL cia Wrttete kik eer ree tee See tari ge oe eee eran ene 33,000 
Mlongation wr LS tie, Miia per-Gelbcw.+ sete cha ea ees ee mee eels 12 


The elongation shall be measured in the body of the bar including the fracture. The 
fracture shall show a silky or finely granular structure throughout. 

d. Flat-rolled steel 34g in. and under in thickness, shapes less than 1 sq. in. in cross- 
section, and bars, other than flats, less than }4 in. in thickness or diameter need not be 
subjected to tension tests. 

e. The yield point shall be determined by the drop of the beam or halt in the gage of 
the testing machine. 

f. For material over 34 in. in thickness or diameter, a deduction from the percentage of 
elongation in 8 in. specified in Paragraph a of 0.25 per cent shall be made for each increase 
of 12 in. of the specified thickness or diameter above 34 in. to a minimum of 18 per cent 
for plates, shapes, and bars and a minimum of 14 per cent for eyebar flats unannealed. 

g- For material under 54 ¢ in. in thickness or diameter, a deduction from the percentage 
of elongation in 8 in. specified in Paragraph a of 1.25 per cent shall be made for each decrease 
of 1 in. of the specified thickness or diameter below 54g in. 

10. Bending Properties.—The bend test specimen shall stand being bent cold through 
180 deg. without cracking on the outside of the bent portion around a pin the diameter of 
which shall have the following relation to the thickness of the specimen: 
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Ratio of pin diameter 
to thickness of specimen 


Thickness of material 
Plates, sections, Eyebar flats 


and bars unannealed 
Serpe armen. ¢-sce 4 Puts RAS Yokel he 4% 1% 
Overapputoml tine incliens J chen. f alow. s totems | eed dos 1 214 
Rivarerioel sa ity Melos 1... Soh ns dies be caede: 14% 3 
ON EDA AP Ae Ne I a re rr een sit 2 
ORR EIS Uae? > Leta tes, |: Se ede age a 3 44 


11. Test Specimens.—a. Test specimens shall be prepared for testing from the material 
in its rolled or forged condition, except as specified in Paragraph b. 

6. Test specimens for annealed material, except eyebars, shall be prepared from the 
material as annealed for use or from a short length of a full section from the same melt 


similarly treated. 
Parallel section a 
not less than 9” Ad apni 
is 
[geen ely ome ||] 


ST See 
6°+0.0!" Gage length for ” tal le 
measuring elongation vA Cerf 


after fracture radius 
Fic. 1.—Standard 8-in. gage length test specimen. 


Radi US 24 7 
not less, ons Feces Ty 
than 4p" “ Parallel section | 


2°t0.005 bw oe length 


for elongation after fracture 


Nore: The gage length, parallel section, and fillets shall be 
as shown, but the ends may be of any shape to fit the 
holders of the testing machine in such a way that the 
load shall be axial. 


Fic. 2.—Standard 2-in. gage length tension test specimen. 


c. Test specimens shall be taken longitudinally and, except as specified in Paragraphs 
e, f, and g, shall be the full thickness or section of material as rolled. 

d. Test specimens for plates, shapes, and flats may be machined to the form and 
dimensions shown in Fig. 1, or with both edges parallel. 

e. Tension test specimens for material over 1/4 in. in thickness or diameter, except 
pins and rollers, may be machined to a thickness or diameter of at least 34 in. for a length 
of at least 9 in., or they may conform to the dimensions shown in Fig. 2. 

f. Bend test specimens for material over 144 in. in thickness or diameter, except pins 
and rollers, may be machined to a thickness or diameter of at least 34 in. or to 1 by 14 in. 
in section. 

g- Tension test specimens for pins and rollers shall conform to the dimensions shown 
in Fig. 2, and bend test specimens shall be 1 by }4 in. in section. 

h. Test specimens for pins and rollers shall be taken so that the axis is 1 in. from the 


surface. 
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Tasuiy I.—PprmissisLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS 


Permissible excess in average weight of lots for widths given, in., 
expressed in percentage of nominal weights 


Specified 


—— Over |69 to |72 to |84 to |96 to |108to|120to|132tol144to| 168 
a dec 48 to | zo | 84, | 96, | 108, | 120, | 132, | 144, | 168, } or 
under) 60, excl. | excl. | excl. | excl. | excl. | excl. | excl. | excl. | over 


346 to 4, excl.... 8 9 LO) >. 149 14 

4 to 46, excl....| 6 7 8 9 10 12 14 16 19 

546 to 34, excl....| 5 6 qT 8 9 10 12 14 17 18 

3€ to 7{¢,excl....| 4.5} 5 6 7 8 9 10.) 32-4 3Bi Pp 16P| es 
146 to 4, excl....| 4 4.5) 5 6 vi 8 9}. 104.38 | G4) D6 
14 to 4, excl..... 2 Galned, 4.5} 5 6 7 8 9) tht 32] #& 
5€ to 34, excl..... 3 3.5 |4 4.65} 5 6 7 8 9) W442 
34 to 1, excl....... D2 5ales 3501-4 4.515 6 7 8 9] 11 
Reto aie! ee Broun 2s5r\ 3 3.5 | 4 4.5 5 6 ri 8 9 


Norr.—Permissible variations in weight for individual plates shall be one and one- 
third times the amounts prescribed in this table. 


Taste II.—PrRMISSIBLE VARIATIONS OF PLATES ORDERED TO WEIGHT 


Permissible variations in average weight of lots for widths given, in., 
expressed in percentage of ordered weights (weight per sq. ft.) 


Over 48} 60 to | 72 to | 84 to | 96 to | 108 to /120 to | 132 to | 144 to 


Specified weight, = 72, | 84, | 96, | 108, | 120, | 132, | 144, | 168, | 8% 
Ib. per sq. ft. excl. | excl. | excl. | excl. | excl. | excl. | excl. | excl. | excl. oe 
s| Sis} Sis! 3} s/Siis/3] 5/3] 5/3] 5/5 
6|5|/5}5| 5/5] 6/5]$)516/5/6/5) 6] 5 
7.66 to 10, excl.......... J... [4.5/8 15 [8 15.518 16 18 
10 12, D; GkDls< sae ou ace 6/2. 3 {4.5/3 |5 [3 |5.5)33 |6 [3 |7 [3 18 3 1/9 3 
12D) $010, EON cava os 0s 4.5/3 [5 |3 [5.5/3 [6 [3 17 3 |8 3 
15.0 $OR7.0, S802. ta cases 3 [4.513 (5 {8 [5.5/3 16 3/7 3 19 3 110 | 3 
L750 O20, O80. caw ses P 2.5/3.5/2.5}4 |3 |4.5/38 15 |3 15.5] 3 16 3 |8 3/9 |3 
20° “25; oxdi. acdsee 2.5/3.5/9.5)4 |3 14.5138 15 | 3 15.5}3 17 1/318 13 
25 £0'80;) soxclcnnwatees 2.5)2 |2.5/2.5/3 12.5)3.5/3 |4 |3 |4.5! 3 15 3 16.5)3 1/7 | 3 
30 Mi OSU arenes an 2.5/2 |2.5/2.5/3 |2.5/3.5/3 14 3 /4.5) 3 |6 3 | 6.5] 3 
40 pt EC ag ee 2 (2 |2.5/2 |2.5/2.5/8 |2.5/3.5} 3 14 3 |6 3 | 6.5) 3 


Norw.—Permissible variations in weight for individual plates shall be one and one- 
third times the amounts prescribed in this table. 


t. The sides of the bend test specimens may have the corners rounded to a radius not 
over 146 in. 

12. Number of Tests.—a. Two tension amd two bend tests shall be made from each 
melt, unless the finished material from a melt is less than 30 tons, when one tension test 
and one bend test will be sufficient. If, however, material from one melt differs 3¢ in. or 

“more in thickness, one tension ‘test and one bend test shall be made from both the thickest 
and the thinnest material rolled regardless of the weight represented. 

b. If any test specimen shows defective machining or develops flaws, it may be discarded 
and another specimen substituted. 
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c. If the percentage of elongation of any tension test specimen is less than that specified 
in Section 9 and any part of the fracture is more than 34 in. from the center of the gage 
length of a 2-in. specimen or is outside the middle third of the gage length of an 8-in. 
specimen, as indicated by scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 

13. Permissible Variations in Weight and Thickness.—a. One cubic inch of rolled 
steel is assumed to weigh 0.2833 lb. The cross-sectional area or weight of each structural- 
size shape and of each universal mill plate up to and including 36 in. in width and 2 in. in 
thickness shall not vary more than 2.5 per cent from the theoretical or specified amounts. 
The thickness or weights of rectangular sheared mill plates and of rectangular universal 
mill plates over 36 in. in width or over 2 in. in thickness shall conform to the requirements 
of Paragraphs ), c, d, or e. 

b. Plates, When Ordered to Thickness.—No plate shall vary more than 0.01 in. under 
the thickness specified. 

c. The overweight of each lot! of plates in each shipment shall not exceed the amounts 
prescribed in Table I. 

d. Plates, When Ordered to Weight per Square Foot.—The weight of each lot! of plates 
in each shipment shall not vary from the weight ordered more than the amounts prescribed 
in Table ITI. 

e. Plates over 2 In. in Thickness.—Each plate over 2 in. in thickness shall conform to the 
permissible variations over ordered thickness prescribed in Table III. 

14. Finish.—a. The material shall be free from injurious defects and shall have a 
workmanlike finish. 

b. Surface imperfections that do not affect the full utility of the pieces shall not be con- 
sidered as injurious defects in structural shapes 3 in. or more in thickness. Such pieces 
may be processed by the following methods in order to give them a workmanlike finish: 

(1) When the surface imperfections are less than }4 ¢ in. in depth, they may be removed 
by grinding. 

(2) When the surface imperfections are 14g in. or more in depth, the pieces may be 
subjected to chipping and welding under limiting conditions as follows: 

The cross-sectional area of any piece shall not be reduced more than 1.5 per cent at any 
point, nor shall the total area of the chipped surface of any piece exceed 2 per cent of the 
total surface area of that piece. 


Tas_e III.—PrRMISSIBLE VARIATIONS OVER ORDERED THICKNESS OF PLATES OVER 2 IN. IN 


THICKNESS 
Variations over specified thickness for widths given 
Specified thickness, in. Up 36 60 84 120 ate 
to 36, to 60, | to 84, |-to 120, | to 132, : 
over 
excl, excl. excl. excl. excl. 

Mver 2tor.S, OXCli.n oo <icen-s dh 206 349 Yea 4 Vg % 4. 
BiG AACS Clociop occ aer dt CA 34 VY ly % Ya 
ATT TO OLOL cy iol nee oo. 340 Mg %a %a 549 1Y6 4 

5 
Git OBEN 2 clarciecne miele, oie Ya 1 549 542 164 
RTCULO MORON stk cls fl, > east 14 346 34 6 
HOMOULS ROKCLse steer a huis 346 156 4 156 4 
Patol, ATEN ceviolousis.e.o-2te.e 149 yy 


After any imperfection has been completely removed, the maximum depth of depression 
shall not exceed the following: 


1 The term “‘lot”’ as applied to Table I means all the plates of each group width and group thickness: 
as applied to Table II, it means all the plates of each group width and group weight. 
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Depth of De- 

Thickness of pression, Max., 
Material, In. In. 

BANS UO  eciore sceides alts Alpini ates Misia aU Gusteent teetasr a ie aoe eed head tee ce eee V6 

Sb THIEN iy Ve oy cos eevee cis Sn Recta Rel eel 6 ey ce te RG ss Ek a ea eo) Ae 4% 

Tyerpihs, VES, css conan vspivreselelee elctatetae alee tet re at it aia Ars alabaster es 346 
4 AN CRO SOA cin acurigs uit hobs Soe Aol ere Vue Rees ea Nene al otc Satis cake he 144 
DURA EO O59 opens sata aT GAY aan et ea a ene RMS tt eens ee ae ore 34 


An experienced mill inspector shall inspect the work after the chipping operation to see 
that the defects have been completely removed and that the limitations specified above 
have not been exceeded. The inspector representing the purchaser shall be given full 
opportunity to make this same inspection. All welding shall be done by qualified welders 
using suitable coated welding rods. The welds shail be sound; the weld metal being 
thoroughly fused on all surfaces and edges without undercutting or overlap. Weld metal 
shall project at least 1{g in. above the rolled surface after welding, and the projecting 
metal shall be removed by chipping or grinding to make it flush with the rolled surface and 
produce a workmanlike finish. 

15. Marking.—The name or brand of the manufacturer and the melt number shall be 
legibly stamped or rolled on all finished material, except that lattice bars and other small 
sections shall, when loaded for shipment, be properly separated and marked for identifica- 
tion. The identification marks shall be legibly stamped on the end of each pin and roller. 
The melt number shall be legibly marked, by stamping if practicable, on each test specimen. 

16. Inspection.—The inspector representing the purchaser shall have free entry, at all 
times while work on the contract of the purchaser is being performed, to all parts of the 
manufacturer’s works which concern the manufacture of the material ordered. The 
manufacturer shall afford the inspector, without charge, all reasonable facilities to satisfy 
him that the material is being furnished in accordance with these specifications. All tests 
(except check analysis) and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 

17. Rejection.—a. Unless otherwise specified, any rejection based on tests made in 
accordance with Section 8 shall be reported to the manufacturer within five working days 
from the receipt of samples by the purchaser. 

b. Material which shows injurious defects subsequent to its acceptance at the manu- 
facturer’s works will be rejected, and the manufacturer shall be notified. 

18. Rehearing.—Samples tested in accordance with Section 8 that represent rejected 
material shall be preserved for two weeks from the date of the test report. In case of dis- 
satisfaction with the results of the tests, the manufacturer may make claim for a rehearing 
within that time. ‘ 


APPENDIX D 


STANDARD SPECIFICATIONS FOR StRUCTURAL River STEEL 
AMERICAN SOCIETY FOR TESTING MATERIALS 


(A.S.T.M. Designation A141-39) 


1. Scope.—These specifications cover soft-carbon steel for rivets for structural purposes. 

2. Process.—The steel shall be made by either or both of the following processes: 
open-hearth or electric-furnace. 

3. Chemical Composition.—The steel shall conform to the following requirements as 
to chemical composition: 


Phosphorus, tT ls gE IB So Speer ihr a RRO A A 3 0.06 

eh SNOT LOOT Da tS AIG Ne cr aa). ose cs, die ois oda x de eee 0.04 
ree NE eRe APE GIT ae oor oreo -, tater cae « Se el 0.05 
Copper, when copper steel is specified, min., per cent................ 0.20 


4. Ladle Analysis.—An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of carbon, manganese, phosphorus, and sulfur; also copper 
when copper steel is specified. This analysis shall be made from a test ingot taken during 
the pouring of the melt. The chemical composition thus determined shall be reported to 
the purchaser or his representative, and the percentages of phosphorus and sulfur, and 
copper when copper steel is specified, shall conform to the requirements specified in Section 
3. 

5. Check Analysis.—An analysis may be made by the purchaser from finished material 
representing each melt. The phosphorus and sulfur content thus determined shall not 
exceed that specified in Section 3 by more than 25 per cent. 

6. Tensile Properties.—a. The material shall conform to the following requirements as 
to tensile properties: 


MME MEP RIES LRG GN cry dt ead « kiniorer dre ee siaweais side A 52,000 to 62,000 
SRST MVAER SEATTLE ole Gin fia igus 0.0, 84 Fer! Pidas's) Mateusiacche ep 0.5 tens. str. 
PO COBS IOKR THAT.) cn ce pic ree hy eu riesirries 28,000 
1,500,000 


POM RacONl IN Graticy WAIT) POM CONT.) 05 i. eee lala ees gee 

b. The yield point shall be determined by the drop of the beam or halt in the gage of the 
testing machine. 

7. Bending Properties.—The bend test specimen shall stand being bent cold through 
180 deg. flat on itself without cracking on the outside of the bent portion. 

8. Test Specimens.—a. Test specimens shall be of the full diameter of the bars as 


rolled. 
b. Tension and bend test specimens for rivet bars which have been cold drawn shall be 


normalized before testing. 

9. Number of Tests.—a. One tension test and one bend test shall be made from each 
melt; except that if bars from one melt differ 3g in. or more in diameter, one tension and 
one bend test shall be made from both the greatest and least diameters rolled. 

b. If any test specimen develops flaws, it may be discarded and another specimen 
substituted. 

c. If the percentage of elongation of any tension test specimen is less than that specified 
in Section 6a and any part of the fracture is outside the middle third of the gage length, as 
indicated by scribe scratches marked on the specimen before testing, a retest shall be 
allowed. 
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10. Permissible Variations in Diameter.—The diameter of rivet bars shall not vary 
from the size specified by more than the amounts prescribed in the following table. 


PPRMISSIBLE VARIATIONS IN THE SizE oF Hot-RoLLED RouNDS AND SQUARES 


Variations from Out-of- 
size, in. round 

Specified size, in. or 
square, 

Over Under in. 
PACHA UnGOrsAAI eo oA ds aa 4 «het Se claw ee 0.005 0.005 0.008 
Oven o iia toned Gs ACh a tits. a eres ee oe eee ee 0.006 0.006 0.009 
piste i) ta Oh, Orie. Open mete le 18 0.007 | 0.007 | 0.010 
Overeg boceaetnclucne me de ees ics tee ete tee eee 0.008 0.008 0.012 
Over onto dine, 2 aac Sua rps a saci walenaaracctco tes 0.009 0.009 0.013 
Overul stow Senin antic. ples auunmendcitanis Sickie apie peer 0.010 0.010 0.015 
Owor eactorl tA cainell ae acres eso et Abe ae olors Ree es 0.011 0.011 0.016 
OverlaKetoke-o sinc .15.ieme ce eitacianl eke reece a8 0.012 0.012 0.018 
Overs Sertoei eine) ¥. a6. tara seeeeioociansitels ete elses 0.014 0.014 0.021 
OVELel Lh 1012; Tel iets as ee ee ei ate LGa oul eg 6 0.023 


Norr.—Out-of-round is the difference between the maximum and minimum diameters 
of the bar, measured at the same cross section. Out-of-square is the difference in the two 
dimensions at the same cross section of a square bar. 


11. Finish.—The bars shall be free from injurious defects and shall have a workmanlike 
finish. 

12. Marking.—Rivet bars shall, when loaded for shipment, be properly separated and 
marked with the name or brand of the manufacturer and the melt number for identifica- 
tion. The melt number shall be legibly marked on each test specimen. 

13. ‘Inspection.—The inspector representing the purchaser shall have free entry, at all 
times while work on the contract of the purchaser is being performed, to all parts of the 
manufacturer’s works which concern the manufacture of the material ordered. The 
manufacturer shall afford the inspector, without charge, all reasonable facilities to satisfy 
him that the material is being furnished in accordance with these specifications. All tests 
(except check analysis) and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 

14. Rejection.—a. Unless otherwise specified, any rejection based on tests made in 
accordance with Section 5 shall be reported to the manufacturer within five working days 
from the receipt of samples by the purchaser. 

b. Material which shows injurious defects subsequent to its acceptance at the manu- 
facturer’s works will be rejected, and the manufacturer shall be notified. 

15. Rehearing.—Samples tested in accordance with Section 5 that represent rejected 
material shall be preserved for two weeks from the date of the test report. In case of dis- 
satisfaction with the results of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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shape, 423 
standard size and shape, 424 
stresses in circular girder, table, 442 
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Elevated tanks, struts, 430 


tower and tank stresses, table, 440 
tower columns, 429 
rods, 431 
water heaters, 433 
legs, 434 
wind stresses, table, 440 


Erection of steel, 564-569 


Estimating steelwork, 595-616 
cost data, 610 

from plans, 596 

procedure, 593 

selling steel, 614 

sheet and forms, 600 

taking off, 600 


F 


Fabrication of structural steel, 516-563 

assembling of trusses, 543 

bidding on contracts, 517 

bridge machinery, 562 

burning, 535 

caulking plates, 536 

chamfering, 536 

cleaning, 546 

coping, 535 

costs, 611 

counterboring, 537 

finishing, 541 

fitting, 537 

forge shop, 547 

galvanizing, 547 

inspection, 544 

laying out, 525 

machine shop, 550-557 

organization of structural companies, 
516 

painting, 546 

planing, 536 

preparation of shop drawings, 518 

punching, reaming and drilling, 525 

receiving material, 523 

riveting, 538 

sand blasting, 546 

sawing, 535 

searfing, 537 

shearing, 534 

shipping, 557 

shop organization, 520 

simplified shop work, 558-562 

templet shop, 522 

Falsework, 565 


Fastenings for corrugated steel, 67-70 
clinch rivets, 67 
clips, 68 
closing rivets, 68 
finish at doors and windows, 69 
heavy crane rails, 58 
nails, 69 
straps, 68 
wood nailers, 68 
Federal Cement Tile Co., 78 
Flashing for corrugated steel, 66 
Flat roof coverings, 37 
Fleming, R., 152 
Floating foundations, 7 
Floor construction, 93-102 
arrangement of girders, 95 
bridging, 94 
connections, to columns, 95 
to walls, 95 
spacing of joists, 93 
stud partitions, 99 
thickness of sheathing, 93 
typical floor bay design, 97 
Floor loads for buildings, 3 
Floors and floor construction, 12-21 
beam framing, 16 
requirements, 12 
standard vs. wide-flange shaped beams, 
12 
for steel mill buildings, 80 
timber framed, 93-113 
in timber mill construction, 118 
types, 14 
Flynn, Michael, Manufacturing Co., 85, 
92 
Footings, 8 
Foundations for steel office buildings, 6-9 


G 


Girts in steel mill buildings, 59, 60 
Glass for windows in mill buildings, 85 
Gray columns, 24, 27 
Grillage beams, 8 
Gutters on steel mill buildings, 75 
Guyed steel stacks, 460-475 

design of, 461-471 

pull on guy wires, 463 

thickness of plates, 461 

unit stress in plates due to wind 

moments, 470 
weight per foot, 461 
wind moments and reactions, 465-469. 
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Hammer-beam truss, stresses in, 281-283 
Heights of office buildings, 1 
Highway bridges, steel, 359-371 

dead load, 359 

impact, 359 

lateral forces, 361 

live load, 359 

loadings, 359, 360 

plate girder span, 361-368 

riveted low truss, 368-371 
Hingeless arches, 244-256 


I 


Impact on steel railway bridges, 291 
Ingot iron, 620 
Interior steel stacks, 42-44 


J 
Johns-Manville Co., 80 
K 


Kellogg, M. W., Co., 451 
Ketchum formula, 225 
Kinnear Mfg. Co., 85 
Knee-braced trusses, 217-243 
bracing, design of, 239 
conditions of design, 225 
form, 217 
girts, design of, 237 
joints, design of, 236 
members and columns, 
229-236 
stress determination, methods of, 218- 
225 
stresses in members, 226-229 
Kyanizing process for preserving timber, 
648 


design of, 


L 


Ladders in steel mill buildings, 60 
Lally columns, 25 
Lateral bracing on steel railway bridges, 
312 
forces; 292 
Lintels, 34-35 
Loads, for buildings, 3 
on roofs, 145-152 
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Loads, on steel highway bridges, 359, 360 
railway bridges, 289-292 

Locomotive boiler shop, assembling plant, 
46-52 

Lumber, 681 


M 


Marvin’s formula for wind loads, 147 
Materials, 616-685 
cast iron, 616-619 
steel, 620-626 
timber, 626-685 
wrought iron, 619-620 
Metal lumber or structural pressed steel, 
624 
Mill buildings, erection of, 591 
steel, 44-93 
Mill construction, timber, 106-113 
beams and girders, 109 
columns, 108 
details given by National Board of 
Fire Underwriters, 107 
floors, 109 
partitions, 110 
roofs, 109 
slow-burning, 113-121 
Mingle, J. G., 454 
Minneapolis system of roof covering, 77 
Monitor ventilators, 70-75 


N 


Nails for corrugated steel, 69 
National Board of Fire Underwriters, 
building code, 107 
Lumber Manufacturers Assoc., 107— 
110 
Newlin, J. A., quoted, 634 
Nonpareil Skylight Co., 93 


O 


Office buildings, erection of, 589 
steel, 1-44 

Ornamental roof trusses, 271-285 
architectural timber work, 271-274 
combined trusses, analysis of, 283 
hammer-beam truss, stresses in, 281-— 

283 

joint details, 284 
scissors truss, stresses in, 274-281 


INDEX 


Party piers, 8 
walls, 28-29 
Philip Carey Co., 80 
Pile foundations, 7 
Piling, specifications for, 682-685 
Pin-connected truss bridges, 342-358 
Pintle construction, 113 
Pitched roof coverings, 37 
Plate-and-angle column, 22-26 
Plate-and-channel column, 22-26 
Plate girder span for steel highway bridge, 
361-368 
Platforms in steel mill buildings, 60 
Pond continuous sash, 92 
Prepared roofings, 79 
Preservatives for wood, 646-649 
Purlins, for sloping roofs, 152-161 
conditions of design, 153 
design for flexible roof covering, 155 
for rigid roof covering, 153 
lateral support for, 157 
load carried by, 152 
unsymmetrical bending, 152 
in steel mill buildings, 59 
(See also Roof trusses) 


R 


Rail clips, 57 
Railings in steel mill buildings, 60 
Rails, crane, for mill buildings, 57 
Railway bridges, steel, 286-358 
choice of type, 286 
cover plates, length of, 304-306 
cross frames, 314 
dead load, 289 
deck plate girder, 295-323 
economical span length, 287 
end bearings, 321 
I-beam bridges, 292-294 
impact, 291 
lateral bracing, 312 
forces, 292 
live load, 290 
pin-connected truss, 342-358 
rivet spacing in flanges, 306-310 
riveted truss, 328-342 
specifications, 687—716 
splices for flange elements, 320 
stiffeners, design of, 310 
through plate girder, 323-328 
web splices, 315-320 
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Reactions in arched roof trusses, 247-259 
Repath and McGregor, 489 
Retaining walls, 9-12 
Ridge roll, in steel mill buildings, 67 
Rivet spacing in flanges, on steel rail- 
way bridge, 306-310 
Riveted low truss highway bridge, 368— 
371 
Riveted truss bridges, 328-342 
Robertson, H. H., Co., 93 
Roof construction, 102-106 
arrangement of girders or trusses, 102 
bracing trusses, 103 
saw-tooth roof framing, 105 
spacing of roof construction, 102 
thickness of sheathing, 102 
Roof coverings for steel mill buildings, 
76-80 
cement tile, 78 
corrugated steel, 76 
prepared roofings, 79 
slate, 78 
tar and gravel, 77 
Roof trusses, 130-285 
arched, 243-271 
. bracing of roofs and buildings, 140 
choice of sections, 142 
combinations of loads, 150 
connections between purlins and roof 
coverings, 140 
form, 131 
of members, 143 
general design, 130-152 
girts, spacing of, 137 
joint details, 144 
joints, design of, for steel trusses, 
201-209 
for wooden roofs, 169-190 
knee-braced trusses, design of, 217-243 
loadings for, 145 
ornamental, 271-285 
pitch, 133 
purlin and girt details and connections, 
137 
purlins, design of, 152-161 
spacings of, 135 
snow loads, 149 
spacing, 134 
steel, design of, 191-216 
in steel mill buildings, 55 
weight of, 146 
wind loads, 147 
wooden, design of, 161-191 
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Roofing, corrugated steel, 66 
Roofing manufacturers, 80 
Roofs, 36-38 
Roofs, coverings, 37, 38 
design of, 36 
drainage, 36 
timber framed, 93-113 
of timber mills, 119 
Royal Ventilator Company, 75 
Ruberoid Co., 80 


S 


Safety requirements in mill buildings, 45 
Sash, steel, 44 
Saw-tooth roof framing, 105 
Scissors truss, stress in, 274-281 
Self-supporting steel chimneys, 475-501 
base plate, design of, 482 
conical section at base, 477 
design, 477-487, 489-501 
erection, 487 
foundation bolts, design of, 479 
foundations, design of, 484-487 
Jerome, Ariz., chimney, 489 
weights, 475-477 
Short span steel bridges, 286-371 
highway bridges, 359-371 
railway bridges, 286-358 
Siding of corrugated steel, 66 
Skylight construction, 40 
Skylights, in steel mill buildings, 91 
Slabs used in foundations, 9 
Slate roof covering, 78 
Slow-burning timber mill construction, 
113-121 
anchoring of steel beams, 119 
basement floors, 120 
beam arrangements, special, 117 
columns and walls, 120 
floor details, 118 
location of beams, 117 
pintles over columns, 113 
rigidity of connection, 116 
roofs, 119 
Snow loads, 149 
Soils, bearing capacity, 6 
Spandrels, 33, 34 
architectural requirements, 33 
kinds of beams, 34 
Splices for flange elements in steel rail- 
way bridges, 320 
Spouts for mill buildings, 75 
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Stacks, interior steel, 42-44 
lining, breeching, etc., 44 
self-supporting, 42 
supported by floors, 43 

Stacks, steel, 453-475 
allowable unit stresses, 456 
baffle plates, 456 
breech opening, 455 
corrosion, 456 
effect of earthquake shocks, 454 
forces acting on, 453 
guyed, 460-475 
lap joints, 458 
lining, 455 
rivets and rivet spacing, 457 
wind pressure, 453 

in steel mill buildings, 63 
Stairs in steel mill buildings, 60 
Steel, 620-626 
alloy, 622 
carbon-steel, 622 
castings, 623 
elements, 620 
examination of structural, 624 
forgings, 624 
manufacturing methods, 621, 622 
metal lumber, 624 
rivet, 723 
rolled shapes, 624 
specification of bridge and building, 
717-722 
Steel bridges, highway, 359-371 
railway, 286-358 
short span, 286-371 
Steel doors, for mill buildings, 84 
Steel erection, 564-595 
blocks, 572 
bolting, 579 
cantilever erection, 587 
chains, 576 
costs, 611 
derricks, 569 
details to facilitate, 591 
equipment, 566 
falsework, 565 
floating spans into position, 587 
gin poles, 571 
ginny winks, 571 
girder spans, 583 
hoists, 572 
hooks, 576 
locomotive erecting cranes, 568 
methods, 583 


Steel erection, mill buildings, 591 
miscellaneous tools, 576 
office buildings, 589 
organization of forces, 564 
pin truss spans, 585 
pinning, 579 
riveted truss spans, 584 
riveting, 579 
rope, 574 
shear legs, 572 
steel derrick car, 568 
travelers, 566 
viaducts, 589 

Steel mill buildings, 44-93 
bracing, 59 
columns, 52-55 
construction, 44 
corrugated steel sheets, 64 
crane girders, 56 

rails, fastenings and stops, 57-59 
curtain walls, 70 
doors, 81-85 


fastenings for corrugated steel, 67-70 


flashing for corrugated steel, 66 

floors, 80-81 

gutters and downspouts, 75 

ladders, 60 

locomotive boiler shop, 46-52 

platforms, 60 

purlins and girts, 59, 60 

railings, 60 

ridge roll, 67 

roof coverings, 76-80 

trusses, 55, 56 

roofing of corrugated stecl, 66 

safety requirements, 45 

siding of corrugated steel, 66 

stacks, 63 

stairs, 60 

steel sash, 44 

types of buildings, 45 

ventilators, 70—75 

windows and skylights, 85-93 
Steel office buildings, 1-44 

balcony construction, 38-40 

bearing capacity of soils, 6 

caissons, 7 

cantilever foundations, 8 

cast-iron bases, 9 

columns, 21—28 

cornices, 35, 36 

design, 2 

erection, 589 
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Steel office buildings, floating founda- 
tions, 7 
floors and floor construction, 12-21 
footings, 8 
foundations, 6-9 
grillage beams, 8 
interior steel stacks, 42-44 
legal heights, 1 
lintels, 34, 35 
minimum floor loads, 3 
party piers, 8 
walls, 28, 29 
pile foundations, 7 
retaining walls, 9-12 
roofs, 36-38 
skylight construction, 40 
slabs used in foundations, 9 
spandrels, 33, 34 
sub-basement construction, 11 
towers, 41, 42 
unit stresses, 3, 5 
wind bracing, 29-33 
Steel railway bridges, short span, 286-358 
specifications, 687-716 
Steel roof trusses, 191-216 
bracing, design of, 215 
conditions for design, 191 
joints, design of, 201-209 
loadings, 193 
members, design of, 198 
minor details, 209 
purlins, design of, 195 
sheathing, 193 
stresses in members, 195 
top chord, design of, 210 
type and form, 192 
weight, 210 
Steel sash, 44 
in mill buildings, 91 
Steel stacks, 453-475 
guyed, 460-475 
Steel tanks, 406-442 
elevated tanks and towers, 423-442 
vertical cylindrical, 406-423 
Steelwork, estimating, 596-615 
Steinman, D. B., set of loadings, 290 
Stiffeners on steel railway bridges, 310 
Stops, crane, 58 
Straps for corrugated steel, 68 
Stress on steel, 3, 5 
Stresses, in arched roof trusses, 247-259, 
260-266 
in a hammer-beam truss, 281-283 


‘ 
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Stresses, on knee-braced roof trusses, 
218-229 
in members of steel roof trusses, 195 
permissible, for timbers, 380-381 
in a scissors truss, 274-281 
Structural steel detailing, 502-515 
assembling marks, 507 
drafting room organization and pro- 
cedure, 502 
layouts, 504 
ordering material, 503 
shop detail drawings, 505 
typical detail drawings, 508 
Structural steel fabrication, 516-563 
specifications for bridges, 687, 709, 717 
for buildings, 717-722 
Sub-basement construction, 11 


is 


Tanks, elevated, 423-442 

steel, 406-442 

vertical cylindrical, 406-423 
Tar and gravel roofing, 37, 77 
‘Three-hinged arches, 244 

members and joints, 266-271 

reactions, determination of, 247-253 

stresses, determination of, 260-266 
Through plate girder bridges, 323-328 
‘Timber, 626-685 

brush treatment, 647 

Burnettizing process, 647 

calorific value, 633 

card process, 633 

cleavability, 633 

columns, unit stresses, 381 

connector joints, 388 

connectors, 386, 387 

creosoting processes, 648 

decay of wood, 645 

defects, natural, 628-631 

of manufacture, 631 
definitions, 627 
destruction by 
animals, 645 
hardness, 632 
kyanizing or mercuric-chloride treat- 
ment, 648 

length of life of wood, 644 

lumber, 681 

names, 626 

open-tank treatment, 649 

piling, 683 


insects and marine 
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Timber, preservation, 646-649 
protection against fire, 649 
records by dating nails, 649 
seasoning, 646 
specifications for grading, 650-681 
strength, tables, 633-644 
treated wood, strength of, 644 
unit stresses, 380 
weight, 632 
zine-chloride treatment, 647 
Timber bridges and trestles, 372-405 
design of, 382-396 
details, 396-405 
deteriorating conditions, 379 
erection equipment, 378 
factors affecting design and construc- 
tion, 373-381 

floor systems, 396 

floors, 382 

general considerations, 372 

length of life, 376 

loads, 376 

materials, 376 

method of erection, 378 

permissible stresses for timbers, 380, 
381 

trestles, design of, 384 

details of, 399 

truss bridges, design of, 8387-396 

trusses, 401—404 

Timber Engineering Co., 386 

Timber framed floors and roofs, 98-113 
floor construction, 93-102 
roof construction, 102-106 

Timber mill construction, 106-121 

Towers, 41, 42 
water (see Elevated tanks) 

Trestles, timber, 372-405 

Truscon Steel Co., 91 

Trusses on timber bridges, 401-405 
roof, 103 

in steel mill buildings, 55 

Two-hinged arches, 244, 253 


U 


Unit stress, on steel, 3, 5 

on timber, 380 

on timber columns, 381 

United States Steel Corp., rules for 
stairs, etc., 60 

safety requirements, 45 

United Verde Copper Co., 489 
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uy 


Ventilators in steel mill buildings, 70-75 


circular, 74 
monitors, 70 
Vertical cylindrical tanks, 406-423 

accessories, 422 
anchor bolt connections, 416 
bottom plates, 414 
caulking at bottom angle, 414 
erection, 418 
foundations, 420 
horizontal joints, design of, 413 
manhole, 417 
overturning due to wind, 416 
pipe connections, 417 
plates, size of, 407 

thickness of, 407 
rivets, 420 
roof, 419 
scarfing, 420 
size, 406 

standard, 416 


W 


Waddell, Dr., analysis of span length for 
railway bridge, 288 

Web splices, on steel railway bridges, 
315-320 

Weights of building materials, 145 

Weymouth, C. R., 452 
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Wide-flange beams vs. 
26 
vs. standard shapes, 12 
Wind bracing, 29-33 
resistance to wind stresses, 29 
types of girders, 31 
wind load requirements, 29, 30 
Wind loads on roofs, 147 
Windows and skylights in steel mill 
buildings, 85-93 
glass, 85 
steel sash, 91 
wooden sash, 89 
Wood (see Timber) 
Wood nailers for corrugated steel, 68 
Wooden doors, 82 
Wooden roof trusses, 161-191 
conditions assumed for design, 161 
joints, design of, 169-190 
members, design of, 166 
sheathing, rafters, and purlins, 164 
stresses in members, 165 
weight, 190 
Wooden sash in steel mill buildings, 89 
Wrought iron, 619, 620 
ingot iron and copper bearing metal, 
620 
manufacture, method of, 619 
physical properties of, 619 
structure of, 619 
uses of, 619 


columns, 23, 
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